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CH.I Introduction
Natural disturbances are now regarded as a normal part of ecosystem
processes (Sousa 1984), rather than an external event from which an ecosystem
recovers. Disturbances include abiotic events such as windthrow, avalanches, and
fire, and biolotic agents such as herbivory and insects. These episodes initiate
change, which can be measured as a change in biomass, nutrients, dead organic
matter, species composition, and physical structure of an ecosystem. A disturbance
can range in scale from that caused by a single tree limb falling to the forest floor to
a wildfire encompassing thousands of hectares.
The predominant disturbance in forest ecosystems of the western United
States has been fire (Peet 1988). For a particular area, the pattern of fire
occurrence is its fire regime, which is site-specific, and described by fire type, fire
severity, size of fire, and fire periodicity (Heinselman 1978; Kilgore 1981).
Differences in the disturbance itself, as well as site characteristicsvary the path of
secondary succession (Agee and Huff 1987). Climate and vegetation affecta fire
regime and, in the case of vegetation, is in turn affected by the fire regime (Agee
1981).
Prior to settlement by Europeans, fire regimes in Douglas-fir forests of
western Montana ranged from frequent, low-intensity surface fires with a 3- to 25-2
year return interval to infrequent burns of varying intensities (Arno 1980, Barrett
1980, Kilgore 1981, McCune 1983). In areas with short fire return intervals,
accumulation of fuels was precluded by frequent, low-intensity ground fires,
contributing to an open, parklike forest, which, in turn, allowed only a low-intensity
fire. Where fuels could accumulate, higher intensity fires occurred, causing greater
mortality of trees, which would then often be replaced by dense stands.In this way,
a fire regime tends to perpetuate itself (Agee 1981).
In the Rocky Mountains, grazing, the subjugation of native peoples, and fire
suppression have changed forest structure primarily by lengthening the fire return
interval (Habeck 1987, Peet 1988). This allows shade-tolerant trees to persist in the
understory. The open, parklike forest changes to a denser forest of smaller trees.
This change in an area's fire return interval could change the species
composition of plant communities as well.Plants have various traits that
demonstrate theiradaptation,to a specific fire regime (Gill 1980). Many grasses,
herbs, and shrubs resprout after a fire, and the germination of the seeds ofsome
shrubs is facilitated by fire (Gratkowski 1962). The thick bark of some older trees
can usually withstand a ground surface fire of low intensity (Wright and Bailey
1982). Areas that burn during the dry summer or fall are usuallygreen the
following spring.
Longer fire return intervals would generally result in the replacement of
shade-intolerant species by shade-tolerant species.Species requiring fire for seed
germination could be eliminated if the fire return interval exceeds the longevity of3
seeds in the soil.Increased severity in insect outbreaks has also been implicated
with longer fire return intervals (McCune 1983).
The mandate for timber production, wildlife management, watershed
protection, and the protection of sensitive species and habitats in our national forests
has led to the development of strategies to increase the rate of recovery ofa forest
after a high-intensity burn.Reforestation, contour felling of trees, contour mulching
with straw, and soil surface stabilization through aerial seedingare a few of the
options land managers use (USDA Forest Service 1988). In addition, specific
salvage logging and road-building practices are designed to minimize the disturbance
of slopes and streams.
Aerial seeding involves the use of grass seed from one or several species,
often mixed with a nitrogen-fixing herbaceous species (Tiedemann and Klock 1976).
Seeds are usually applied from airplanes or helicopters in the fall for germination
after fall rains in mild climates (Barro and Conard 1987) or spring germination in
harsher climates (Tiedemann and Klock 1976). Root masses are expected to be
substantial enough the next year to stabilize soil in the event of heavy rains.
Seeding is most commonly used on steep slopes to prevent surface erosion that
would hinder reforestation efforts, increase sedimentation of fish habitat, and lower
water quality near municipalities.
Commercially developed hybrid grass seeds are most commonly used for
watershed rehabilitation (USDA 1988; Barro and Conard 1987). In California
chapparal, Lolium multiflorum Lam. (annual ryegrass) has been extensively used for4
emergency revegetation after fire (Gautier 1982; Papanastasis 1976). More attention
has been given to the consequences of seeding in chapparal ecosystems (Keeley et
al. 1981; Zed ler et al. 1983; see Barro and Conard 1987 fora reivew) than in forest
ecosystems. Despite the widespread practice of aerial grass seeding in western
forests after wildfire (Mobley and Doescher 1988), few studies exist that evaluate
the consequences seeding has on the plant community and therecovery process in
such ecosystems (Tiedemann and Klock 1976), although the need for such studies
has been stated (Crane and Habeck 1982).In part, this study is an attempt to
evaluate the impact of grass seeding on the structure of a vascular plant community
regenerating after a wildfire in western Montana.
Study Area
Pattee Canyon (46°48'N, 113°58'W) is a small drainage, at the northern end
of the Sapphire Mountains, southeast of Missoula, Montana. Thecanyon is drained
by Pattee Creek, which flows westward into the Missoula Valley.The Sapphire
Mountains have been classified as part of the Intermountain Ranges within the
northern Rocky Mountains (Habeck 1987). At elevations of 1200-1800m,
Pseudotsuga menziesii (Mirb.) Franco var. glauca (Beissn.) Franco (Douglas-fir) is
the predominant conifer, with Larix occidentalis Nutt. (western larch)a seral
species. Above 1800 m, Pinus contorta Dougl.ex. Loud. var. latifolia Engelm.
(lodgepole pine) is a seral species. At lower elevations, fire maintained Pinus5
ponderosa Dougl. (ponderosa pine) savannas that on southern slopes wouldsupport
bunchgrass prairies and shrublands. On northern slopes, fires historically helpedto
maintain these savannas even on mesic sites where Douglas-fir has been invading
since fire suppression efforts began in the early part of this century.
The climate of Pattee Canyon is influenced by moist maritime airmasses
from the Pacific (Crane et al. 1983; Habeck 1987). Missoula receives 305-380mm
precipitation yearly, much as winter snow or spring showers (National Weather
Service).Precipitation in Pattee Canyon is generally higher that that in Missoula by
30-80 percent (Crane et al. 1983).
Mean fire return intervals at Pattee Canyon have been estimated at aboutone
fire per decade for the years 1750-1900 (Habeck 1990, basedon ninety-four mostly
ponderosa pine stumps). This return interval is fora large fire affecting most of the
north slope of Pattee Canyon. Smaller, more frequent fires occurredas well
(Habeck 1990).
During the 1970's, Pattee Cayon was classified using the USDA Forest
Service habitat types (Pfister et al. 1977)as a P. menziesii/Physocarpus malvaceus
type (PSME/PHMA h.t.) with PHMA and Calamagrostis rubescens (CARU) phases.
A P. menziesii/Vaccinium globulare habitat type (PSME/VAGL h.t.,VAGLphase)
exists at higher elevations. This classification is basedon potential vegetation
without human influence.
A severe stand-destroying wildfire burned a second-growth Douglas-fir forest
at Pattee Canyon on July 17, 1977. The fire started ina dry grassland at the west6
end of the canyon at 4:20 pm, quickly crowned, and fanned east and southup the
north-facing slope of the canyon. Conditions at ignition included strong westerly
winds, high temperatures, and low relative humidity. One hour later, the firehad
completed its main run and 486 ha were burned (Crane et al. 1983).
The burn was seeded with four species of commercial hybrid perennial
grasses during November, 1977 while the area was snow covered (Crane et al.
1983). Most of the burned area was aerially seeded, with the exception ofone
parcel at the western edge of the burn, whichwas left unseeded at the request of the
landowner. Below 1340 m, Dactylis glomerata (orchard grass), Agropyron
trichophorum, and A. intermedium (wheatgrass) were used. Above 1340m, Festuca
arundinacea (tall fescue) and Bromus inermis (smooth brome), and D.glomerata
were used. D. glomerata established best and was present at all elevations in 1987
(McCune, unpublished data). At the time of seeding itwas predicted that D.
glomerata would be naturally lost from the site in 10 to 25years (Crane et al.
1983). This prediction was, in part, basedon observations of D. glomerata in the
nearby Bitterroot Mountains where two consecutive drysummers ten years after
aerial seeding were considered the likelycause of reduced D. glomerata cover (Lyon
1976).
Studies were initiated between 1978 and 1980 that examined the following
components of recovery: (1) recovery of ground mosses and lichens; (2) vegetative
recovery in ravines; (3) vegetative recovery on upland sites; (4) conifer
regeneration; and (5) fuel loading. An earlierreport (Crane et al. 1983)7
summarized five years of vegetative recovery and the effects of the aerially seeded
grasses on that recovery in both ravine and upland sites.
Objectives
The primary objective of this study was to assess communitystructure and
conifer regeneration after the 1977 wildfire. Two data setswere used. One set
(Appendix I) followed eight upland stands from 1979 to 1987. These standswere
placed throughout the burn area with heavier emphasison the upper slopes where
fire severity varied (lower elevation plotswere mostly destroyed by clearing and
housing development). Generalizations about postfire vegetativerecovery were
made for upland slopes from this data set. The second set (AppendixII), from
1989, represented a subsample of the burnarea along the burn edge where conifer
regeneration was observed to be greater than in the burn interior (Craneet al.
1983). From these observations, conclusions about the pattern of conifer
regeneration and the factors affecting that regenerationwere made. For both data
sets, the influence of the seeded grasses on vegetativerecovery was addressed as
well.
The results of this study are presented in three parts:description of
vegetation change in the long-term study plots (Ch. 2), ten-year-oldplant
communities at higher elevations in relation to site factors, preburnhistory, and8
aerial seeding (Ch. 3), and an analysis of factors related to variation in conifer
regeneration (Ch. 4).9
CH. II. Ten Years of Vegetation Change After Wildfire ina Pseudotsuga menziesii
Forest in Montana.
Introduction
A severe stand-destroying wildfire burned a second-growth Douglas-fir forest
at Pattee Canyon on July 17, 1977. The fire started in a dry grassland at the west
end of the canyon at 4:20 pm, quickly crowned, and fanned east and southup the
north-facing slope of the canyon. Conditions at ignition includedstrong westerly
winds, high temperatures, and low relative humidity. One hour later, the fire had
completed its main run and 486 ha were burned (Crane et al. 1983).
The burn was seeded with four species of commercial hybrid perennial
grasses during November, 1977 while the area was snow covered (Craneer al.
1983). Most of the burned area was aerially seeded, with the exception ofone
parcel at the western edge of the burn, whichwas left unneeded at the request of the
landowner. Below 1340 m, Dactylis glomerata (orchard grass), Agropyron
trichophorum, and A. intermedium (wheatgrass)were used. Above 1340 m, Festuca
arundinacea (tall fescue) and Bromus inermis (smooth brome), and D. glomerata
were used. All are exotic species except Bromus inermis. D. glomerata established
best and was present at all elevations in 1987 (McCune, unpublisheddata). At the
time of seeding it was predicted that D. elomerata would be naturallylost from the
site in 10 to 25 years (Crane et al. 1983). This predictionwas, in part, based on10
observations of D. glomerata in the nearby Bitterroot Mountains wheretwo
consecutive dry summers ten years after aerial seedingwere considered the likely
cause of reduced D. glomerata cover (Lyon 1976).
Studies were initiated between 1978 and 1980 that examined the following
components of recovery:(1) recovery of ground mosses and lichens; (2) vegetative
recovery in ravines; (3) vegetative recovery on upland sites; (4) conifer
regeneration; and (5) fuel loading. An earlier report (Craneet al. 1983)
summarized five years of vegetativerecovery and the effects of the aerially seeded
grasses on that recovery in both ravine and upland sites. This chapter extends the
summary to ten years for the vegetative recovery of upland sites only, using
previously published data (Crane et al. 1983) and data collected in 1987(McCune,
unpublished).
Objectives
The primary objective of this chapter is to describe changes incommunity
structure for the vascular plants at upland study sites from 1979to 1987. Specific
questions include:
1. What has been the change in species composition sincethe wildfire in
1977? Observed changes in species compositionover ten years will be compared
with conceptual models of early secondary succession.11
2. What has been the pattern of establishment for the introducedgrasses?Is
D. glomerata dying out as predicted? Has the introduction of D. glomerataaffected
vegetative recovery of this community?Methods
Field methods
12
In 1978, 27 permanent stands were established (Crane et al. 1983) in thearea
burned in 1977:13 on upland sites, the remaining in ravines. Standswere chosen
by visual inspection for within-site homogeneity, using physical environmental
characteristics and remnants of prefire vegetationas guidelines. Since fire severity
varied more along the upper (southern) section of the burnarea than the lower
(northern) section, a variety of burn conditionswere sampled. The upland stands
were located on open slopes and ridges on the north side of Mitten Mountain and
Mount Dean Stone (Fig. II.1).
During the summers of 1978 and 1979, all standswere sampled twice.In
1982, stands were sampled in the latesummer only (Crane et al. 1983). In 1987,
stands were sampled once during July (McCune, unpublished).
Within each stand, two 5x25-meter contiguous transectswere established,
each divided into five contiguous 5x5-meter blocks. Each blockcontained four sizes
of nested plots within which vegetationwas sampled (Stickney 1976). The smallest
plots (20 x 50 cm quadrats) were placed at 2m intervals along two 25 m transects
per stand and are the basis of the results presented here (total quadratsper stand =
25). Transects were permanently markedat both ends with 0.5 m sections of 1 cm13
steel rods. Further sampling details and transect bearingsare in Crane et al. (1983).
Cover estimates for vascular plant species were made to the nearestpercent.In
1987, eight of the original 13 stands were relocated. Markers had apparently been
removed in the remaining five stands and in some cases the standing dead timber
had been cleared. For the eight stands, cover class estimateswere recorded for all
vascular plant and bryophyte species (T=0-1%, 1=1-5%, 2=5-15%, 3=15-25%,
4=25-50%, 5=50-75%, 6=75-95%, 7=95-100%) (McCune, unpublished data).
Vascular plant nomenclature follows Hitchcock and Cronquist (1973).
Analytical methods
Data collected in 1978 were not used because mostgrass species were put
into one category, while one focus of this study is evaluation of the fate andimpact
of the seeded grasses and a dominant nativegrass species, Calamagrostis rubescens.
Cover data in 1979 and 1982 was available as standaverages and were used as is.
Cover class midpoints were used for the 1987 cover class estimates. Only the eight
stands that were found in 1987 were used from the previousyears.
An arcsine squareroot data transformation was used to improve resolution of
the analysis at the low end of the cover scale. Major differences and trendsin
species composition were then summarized witha two-step ordination procedure.
Bray-Curtis ordination was first used to explore the dimensionality ofthe data set
and to produce a first approximation ofa low-dimensional ordination space.14
Coordinates of sample units in the resulting two dimensional ordinationspace were
then refined using non-metric multidimensional scaling (NMS).
The ordinations were done using data gathered at three times (1979, 1982,
and 1987) spanning nine years, resulting in a 24 sample unitx 23 species matrix.
(Species occurring in fewer than 3 sample unitswere deleted prior to analysis.)
Each stand, for a particular year, was representedas a point in species space. By
following points representing a specific stand,one could track the changes in species
composition for a stand over time (Austin 1977; Halpern 1988). Thus,each stand
was represented by two vectors defined by three points.
Bray-Curtis ordination (Beals 1984; using program BCORD in McCune
1990) was performed using the variance-regression method ofendpoint selection and
perpendicularized axes. The quantitative version of the Sorenson indexwas used as
the distance measure.
The first three axes explained 31, 15, and 15 % of the variancein the
distance matrix. Stand K, in 1979,was subjectively identified as an outlier. No
Dactylis glomerata was recorded in that site during 1979. Onlytrace cover values
were recorded for most of the 11 species found in that stand. Epilobium
angustifolium (fireweed) was present in amountsgreater than in the other four stands
in which it was present. Because of the interest in trackinga stand where no D.
glomerata was noted in 1979, this pointwas retained in the analysis.
The coordinates from this ordinationwere used as a starting point for
analysis using Non-metric Multidimensional Scaling (Mather1976; algorithm based15
on Kruskal 1964; program NMS in PC-ORD, McCune 1990). NMS uses the rank
order of intersample similarity distances and not the magnitude of thosedistances.
This procedure minimizes the "stress" towardsa monotonic relationship between a
computed secondary matrix of intersample similarity distances and intersample
distance in the ordination space (Fasham 1977). A two-dimensionalspace was used
and axes were varimax rotated to improve interpretability. The quantitativeversion
of the Sorenson index was used as the distancemeasure.Results and Discussion
Overall vegetation development
16
The strongest pattern in the data was an overall chronologicalprogression of
vegetation change through time (left to right in Fig. II.2a).Most stands started in
one corner of the vector space and all stands converged toward onecorner of the
vector space, indicating that, for most stands, differences fromyear to year were
greater than differences among stands in a particularyear (Fig. II.2b).
Increasing levels of Calamagrostis rubescens and Antennariaracemosa most
strongly related to the procession of stands through time along thefirst axis (r2 =
0.76 and 0.54, respectively; Table II.1). Dactylis glomeratamost strongly
controlled axis 2 (r = -0.72, r2 = 0.52). Five stands (C, G, J,M, and N) moved
in an inverted V pattern dictated by the decline in D. glomeratalevels in 1982 and
subsequent increase in 1987 (Fig. 11.2). This trendmay have been caused by the
change in investigators, decreased precipitation in 1982,or timing of sampling.
Other species whose cover increased in time andwere moderately correlated with
axis 1 included Vaccinium globulare, Spiraea betulifolia,and Achillea millefolium
(Table II.1.)
Most species increased in abundanceover time (Fig. 11.3). Only a
glomerata and Douglas-fir levels decreased. The decrease ofD. glomerata from17
1979 to 1982 was primarily due to large decreases in stands G andM, with smaller
declines in three other stands. D. glomerata levels generallyincreased in 1987 from
the 1982 levels. For Douglas-fir, the decrease in 1982 from 1979most likely
reflected the typically high first-year mortality ofan abundant postfire seedling crop
(Gashswiler 1971). The subsequent 'reappearance' in 1987 ofDouglas-fir in two
stands where no seedlings had been present in previousyears was likely due to the
growth of saplings into quadrat boundaries (see 'Coniferregeneration' below).
Two stands, H and K, were less typical than the remaining six,primarily
because little or no D. glomerata was noted in either of thesestands until 1987. By
1987, stand K was in the same general ordinationspace as the other stands (Fig.
11.2), largely due to the presence of D. glomerata and the aboveaverage levels of C.
rubescens and V. globulare.It was the only stand in 1979 with appreciable levels of
E. angustifolium. Stand H, in 1979, had post-fire levels ofnative vegetation greater
than the other stands, suggesting that fire intensity in thesmall burn patch (see Fig.
II.1) was lower than in the main burnarea. The increase in D. glomerata cover
from none in 1979 and 1982 to 11% in 1987was largely responsible for the species
composition in 1987 that resembled the other standsmore than in the previous
sampling years.
Shrub regeneration18
Cover of shrubby species generally increased through time (Table11.2).In
1979, cover ranged from 0-6% among the eight stands, andwas divided among four
species. No new species were noted in 1982, althoughsome appear in stands were
they had not been previously observed. By thatyear, maximum cover for any one
stand was 19%. By 1987, four more specieswere observed. Cover ranged from 2-
35% among stands. Shrub cover increased in all standsfrom 1982 to 1987 with the
largest increases occurring in stands G, H, J, and K. All speciesresprout after fire
except Ceanothus velutinus and Ribes viscosissimum (see Table 11.5).
Shrub cover was high both in unseeded (stands H andK) and seeded stands,
suggesting that the presence of D. glomeratamay not hinder regeneration of
sprouting shrub species.In California chapparal, re-establishment of shrub species
that are obligate seeders may be hindered by thepresence of seeded grasses (Corbett
and Green 1965; Barro and Conard 1987).
No preburn shrub cover data exists toassess shrub regeneration at Pattee
Canyon. In a second-growth Douglas-fir stand sampled in1965 (Schuler 1968) and
located near stand N (Fig. II.1), eight shrub specieswere present and quadrat
frequency values for those species ranged from 0% forBerberis repens to 55 % for
Vaccinium membranaceum (probably thesame species as was called Vaccinium
globulare in this study, McCune, personal communication).The same stand had
90% frequency value for C. rubescens. The 1987level of shrub regeneration was
comparable to levels seen in 1989 (see chapter 3).Therefore, overall level of shrub
regeneration may be typical for this site tenyears after a severe fire.19
The distribution of shrub cover variedamong stands, to be expected from
such a large burn where pre-burn stand species composition and fireintensity varied.
Several possible explanations for the patchiness of shrub regenerationare:(1) fire
intensity may have been great enough insome areas to cause substantial shrub
mortality; (2) postfire recovery ratesmay vary with fire intensity and site
characteristics so that maximum shrub biomassmay not yet have been reached by
1987; and (3) some areas had little shrubcover before the fire, but were dominated
by C. rubescens and other herbaceous species.
It is likely that all of these possibilities partly explain the patchinessof shrub
regeneration.Little data exist to describe fire intensity at the stand level.Tree
mortality can be readily discerned the firstyear after a fire and was complete at all
but stand K, but evidence of mortality of other plantforms would be difficult to
find. Shrub biomass may increase until treecover suppresses further growth or
growth is limited by other factors suchas competition for water.
Conifer re-establishment
The four predominant conifer speciesat Pattee Canyon were Douglas-fir,
lodgepole pine, Larix occidentalis Nutt. (western larch),and Pinus ponderosa Dougl.
(ponderosa pine). By 1987, conifer regenerationwas meager (Table 11.3 and see
chapter 4). Only stands G, H, and K hadcover levels above 1%. The widespread
Douglas-fir seedlings of 1979 were found intrace levels only in 1987. The three20
other conifer species were not recorded until 1987.It is probable that most
seedlings of these three species were present outside quadrat boundariesduring 1979
and 1982 and by 1987 had extended laterallyover the quadrats. A sample of 29
lodgepole pine saplings harvested in 1989 showed that 86% of themhad established
during 1979 or 1980 (Chapter 4).
A variety of factors were likely controlling conifer regeneration.Of the four
stands in which Douglas-fir cover was above 1% in 1979 and thensubsequently
decreased to none (stands C, I, J, N), three stands (C, I, and J) hadlevels of D.
glomerata cover above average in this study. Of the three stands withgreater than
1% conifer cover in 1987 (stands G, H, and K), stands H andK had no seeded
grasses present in 1979, suggesting a competitive advantage for conifer seedlings in
these stands when compared to those where D. glomerata established.Yet stand G
had the highest cover of D. glomerata in 1979. Regenerationwas dominated by
lodgepole pine in stands G and H, andmay have been facilitated by serotinous cones
present on trees at the time of the burn. The large number of seeds releasedat one
time by serotinous cones may have been advantageous whencompeting with
additional grasses.Regeneration in stand K was dominated by western larch. The
ground in stand K was thoroughly burned. Successfulre-establishment by this
species is more dependent on a mineral seedbed (Wrightand Bailey 1982) than
Douglas-fir. Seed sources were abundant, since thisstand was near the burn edge
and had a few widely scattered surviving larch.In summary, likely factors that
controlled conifer regeneration at this site included:(1) site factors, such as21
microenvironment; (2) seed availability, which includescone serotiny; and (3)
competition from other vegetation, including D. glomerata.These factors are
considered in more detail in Chapter 4.
Grasses
Of the four introduced grass species, only D. glomerataestablished in the
study plots. Percent cover for allgrass species was dominated by D. glomerata and
C. rubescens in all 3 years (Table 11.4). For the siteas a whole, the grasses
dominated postfire recovery for all tenyears.C. rubescens is a perennial
bunchgrass which spreads rhizomatously.It generally flowers only after a
disturbance (Gill 1981).In 1978, this species was observed bloomingthroughout
the burn area (Crane et al. 1983).
Most combinations of grass speciescover were found (Table 11.4). High
levels of D. glomerata existed with low levelsof C. rubescens in stands C and I.
The reverse, high levels of C. rubescens and lowlevels of D. glomerata, existed in
stands H and K. This pattern suggests competitionbetween the two species or a
difference in optimum habitat (see chapter 3).When comparing the change incover
of these two grasses from 1979 to 1987, themovement of stands was towards a
smaller range of total cover for the twograsses (Fig. 11.4).In the three stands
where D. glomerata cover decreased from 1979to 1987 (stands C,G, and I), C.22
rubescens cover increased.In the remaining five stands where D. glomeratacover
increased in the same time period, however, C. rubescenscover also increased. The
absolute increase in Q. rubescens coverwas greater than that of D. glomerata in
each of these five stands, suggesting that C. rubescenscan outcompete D.
glomerata. In general, the cover levels of 1987 mightrepresent the carrying
capacity of the sites determined by species basedon site characteristics, pre-burn or
initial abundances, and dispersal abilities.But within that framework, a variety of
patterns were exhibited, although the increases in C. rubescenscover were more
consistent than the changes in D. glomeratacover.
It was predicted that D. glomerata would disappear from thissite by 10-20
years after seeding (Crane et al. 1983). Levels of D. glomeratawere higher in most
stands in 1987 than they were in 1979 and had increasedfrom 1982 levels in all
stands but stand K, suggesting that the disappearanceof this species from this site
can not as yet be predicted. The presence of D. glomerata in 1987 in the onlytwo
stands where it was absent in 1979 also suggests its abilityto colonize by seed that
could ensure its long-term presence at Pattee Canyon.
Species richness and successional patterns
The number of vascular plant species increased slightlyfrom 19 in 1979 to
23 in 1982 and doubled to 46 by 1987. Changes inspecies composition are detailed
in Table II.5. Twenty-seven of the species recordedin 1987 had not been noted in23
1979 or 1982. Poa sp. was recorded only in 1979. In 1982, sixnew species were
recorded and 3 species present in 1979 were absent. In 1987,Bromus inermis was
not noted, although present in 1979 and 1982. Year-to-year phenological differences
or the change in investigators may account for some changes in species composition.
The large increase in species richness from 1982to 1987 suggests that the
recolonization process was slow. One possible explanation for the slow
recolonization is that several years werenecessary for bryophytes and pioneer
species to recolonize the burn, therefore ameliorating the harshpostfire
microenvironment for a variety of species. This would be Egler's"relay floristics"
(Egler 1954), driven by the mechanism of "facilitation" (Connelland Slatyer 1977).
Among those species new in 1987were shade-tolerant forest herbs, such as Viola
sp., Thalictrum occidentalis, and Disporum trachycarpum. Some weedy species,
such as Cirsium vulgare and Cerastiumarvense, may also have needed some
amelioration of the site before establishment.
Another possibility for the slow recolonizationprocess is dispersal
limitations.Species that were widely scattered before the burnwere likely to be
missed during the first few years of sampling. These couldbe rhizamotous or seed-
dispersed. The shade-tolerant herbs listed above could fit thisdescription, as well as
several shrub or weedy species.If species were present in 1979 but not sampled,
this would be Egler's "inital floristics" (Egler1954), driven by the mechanism of
"tolerance" (Connell and Slatyer 1977). The mechanism of"inhibition" (Connell
and Slatyer 1979) was not likely, since only Douglas-firseedlings and Poa sp. were24
present only in1979and it is unlikely that those species inhibited the growth ofthe
other species that did persist.
Since most shrubs and perennial herbs at Pattee Canyonresprout from root
crowns or rhizomes, it is probable that these species were present before theburn
(Lyon and Stickney1976).Based on life form and regeneration strategy,74%of
the1979species were probably on-site before the burn. This isin agreement with a
model of early postfire vegetation (Lyon and Stickney1976;Stickney 1990) which
states that predisturbance species compositioncan be determined from the first year
postfire species list.25
Conclusions
Species richness after a 1977 wildfire at Pattee Canyon increased from1979
to 1987, doubling between 1982 and 1987. Despite the increased speciesdiversity
of 1987, most stands converged to a similar ordinationspace by that year, showing
that several key species present all threeyears dominated the communities.
Therefore, changes in species abundanceswere more important in this analysis than
gains and losses of species. This concurs witha conceptual model of early postfire
vegetation development (Lyon and Stickney 1976; Stickney 1990) whichsuggests
that species dominating early succession will establish in the initialpostfire year and
with the "relay floristics by tolerance" model (Egler 1954; Connelland Slatyer
1979) which predicts a change in species dominance dictatedby growth rates for
species establishing soon after a disturbance.
This model states that the initial postfire communitycan derive from either
onsite or offsite sources. Althoughmore invading species were present ten years
after the burn than after five years, theircover was minimal. Species dominating
postfire vegetation development at Pattee Canyonwere largely on-site survivors,
especially C. rubescens, P. malvaceus, and S. betulifolia.
The dominant off-site specieswas the seeded grass, D. glomerata.Its spread
by 1987 to stands that apparently escaped seeding in1977 suggest that this species
may persist at this site. The minimal cover of typical post-fire pioneer species(e.g.
Epilobium angustifolium) suggests that D. glomeratamay have partially displaced26
other species that establish by seed. This includes conifer species, which,by 1987,
were present above trace levels in only three of the eight stands followed in this
study.
D. glomerata was a significant part of vegetativecover at this site.C.
rubescens formed an even larger part of the vegetativecover.Its delayed, but
substantial expansion from 1982 to 1987 suggests that post-burnflowering was
successful in establishing new seedlings. Although the risk oferosion is greatest in
the first year following a wildfire, it is possible that the seedingwith a combination
of C. rubescens and other native species (including conifers)could have provided
comparable soil coverage to what was achieved through seedingof exotics. Given
the adverse competitive effects of grasseson conifer seedlings, this seeding strategy
may be more desirable, especially on large areas where conifer re-establishmentmay
be slow.27
Figure II. 1.Location of study area on north slope (section 10) ofPattee Canyon,
southest of Missoula, Montana (basemap: USGS 71/2' series,Missoula SE). Dark
dashed line indicates southern and western fire boundary.Northern boundary is
north of the area shown. + indicates survivortrees in burn area. Numbers not
underlined indicate transects established in 1978 and trackedthrough 1982 (Crane et
al. 1983). Stands with number and letterare those 8 stands established in 1978
tracked until 1987 (chapter 2).Letters were the original stand identifiers for upland
transects, the associated numbers were later assigned by Craneet al. (1983).
Numbers underlined indicate 1989 transects (chapters 3and 4). The 1989 transects
are shown as an arrow, approximately to scale. Numbers preceded byan 'S' refer
to stands sampled in 1965 by Schuler (1968). Fire boundarywas determined for
this study from 1981 aerial photographs (1:15840) (photograph688128-9-6, Montana
Aerial Photography, Missoula, MT). Thecontour interval is 12.19 m (40 ft).28
Figure I1.2a. NMS output, arranging 8 stands inspecies space. Each stand is
represented by 2 vectors defined by 3 points (linesmay be curved for clarity). The
vectors for each stand show changes in species composition forthe years 1979,
1982, and 1987. Open symbol (0) for 1978,closed symbol () for 1982, and
stand letter for 1987.
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32Table H. 1.Pearson (r) and Kendall (tau) correlations withNMS ordination axes for the 23 vascular plant speciesoccurring in three or more sampling units.
axis 1 axis 2
r r-sq tau r r-sq tau
Achillea millefolium 0.59 0.35 0.52 -0.29 0.08 -0.27
Amelanchier alnifolia 0.28 0.08 0.15 0.27 0.07 0.35
Antennaria racemosa 0.74 0.54 0.62 0.17 0.03 0.36
Arnica cordifolia 0.49 0.24 0.43 -0.20 0.04 -0.18
Aster conspicuus 0.20 0.04 0.19 -0.31 0.10 -0.33
Berberis repens -0.15 0.02 -0.17 -0.36 0.13 -0.27
Calamagrostis rubescens 0.87 0.76 0.75 -0.26 0.07 -0.10
Centaurea maculosa 0.40 0.16 0.43 0.08 0.01 0.05
Dactylis glomerata -0.58 0.33 -0.36 -0.72 0.52 -0.63
Epilobium angustifolium 0.41 0.17 0.25 0.29 0.09 0.23
Festuca occidentalis -0.03 0.00 -0.06 0.32 0.10 0.37
Fragaria vesca 0.46 0.21 0.40 -0.17 0.03 -0.13
Fragaria virginiana 0.49 0.24 0.40 0.32 0.10 0.46
Hieracium sp. 0.43 0.18 0.33 -0.15 0.02 -0.13
Lupinus sp. 0.50 0.25 0.37 -0.13 0.02 -0.04
Physocarpus malvaceus 0.08 0.01 0.04 -0.38 0.14 -0.24
Pinus contorta 0.44 0.19 0.43 -0.36 0.13 -0.38
Pseudotsuga menziesii -0.62 0.39 -0.40 -0.16 0.03 -0.09
Spiraea betulifolia 0.66 0.43 0.55 -0.31 0.10 -0.09
Stellaria sp. 0.04 0.00 -0.06 0.21 0.05 0.29
Taraxacum officinalis 0.21 0.04 0.26 -0.33 0.11 -0.36
Vaccinium globulare 0.59 0.35 0.53 -0.32 0.11 -0.24
Verbascum thapsus 0.07 0.01 -0.06 0.26 0.07 0.37
t.,..)
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Table 11.2. Shrub cover, averaged by stand, for all shrubspecies. Percent cover
for 1979 and 1982; midpoints of (percent)cover class estimates for 1987. Cover
rounded to the nearest percent.
% COVER
Stand Species 1979 1982 1987
C Physocarpus malvaceus 3 14 14
Berberis repens 3 5 11
Amelanchier alnifolia <1
Symphoricarpos albus
G Spiraea betulifolia <1 < 1 9
Amelanchier alnifolia 3
Vaccinium globulare 10
H Physocarpus malvaceus 2 3 1
Spiraea betulifolia 1 2 12
Amelanchier alnifolia 1 1 <1
Vaccinium globulare 6
Rosa sp. 5
I Physocarpus malvaceus 2 6 8
Amelanchier alnifolia <1
J Physocarpus malvaceus 2 3 1
Spiraea betulifolia 8
Vaccinium globulare 4
K Amelanchier alnifolia 1 <1
Physocarpus malvaceus <1 1
Berberis repens <1
Spiraea betulifolia 6
Vaccinium globulare 7
Ribes viscosissimum 3
M Amelanchier alnifolia 1 <1
Spiraea betulifolia 1
Vaccinium globulare 8
N Amelanchier alnifolia <1 1
Physocarpus malvaceus <1
Vaccinium globulare 2Table 11.3. Stand average cover values for four conifer species,Douglas-fir, western larch, lodgepole pine, and ponderosa
pine.1979 and 1982 values are percent estimates.1987 values are midpoints of cover class estimates.
Stand
Douglas-fir lodgepole pine western larch ponderosa pine
1979 1982 1987 1979 1982 1987 1979 1982 1987 19791982 1987
C
G
J
K
M
N
5.0
0.8
9.2
5.0
0.8
12.5
0.4
0.1
0.1
3.7
3.1
0.4
0.1
0.8
7.9
0.1
0.1Table 11.4. Percent cover of a glomerata, C. rubescens, andother native grasses in Pattee Canyon. Percentcover for 1979
and 1982, rounded to nearest whole percent. Midpoints ofcover class estimates for 1987, rounded to nearest whole percent.
Trace levels were present (< 1.0%) where speciesnames are listed without a cover estimate. A dashed line indicatesno grass
cover for a particular stand.Full species names for six-letteracronyms are given below table.
Stand Dactylis glomerata Calamagrostis rubescens other grasses
1979 1982 1987 1979 1982 1987 1979 1982 1987
C 36 23 28 6 11 BROINE AGRSPI AGRSPI 2
G 44 10 14 1 4 35
H 8 11 10 28 BROINEFESOCC 4
I 22 13 23 2 3 11 FESARU
J 13 4 18 6 8 30 FESOCC
K 3 1 1 12 31 BROINEFESOCC
M 28 7 11 3 12 FESOCC
N 8 8 14 7 26 FESOCC
AVE 18.6 8.3 14.7 2.5 6.6 23.1 NA NA NA
AGRSPI = Agropyron spicatum
BROINE = Bromus inermis
FESARU = Festuca arundinacea
FESOCC = Festuca occidentalis
C737
Table 11.5. Species presence list for 3years in Pattee Canyon. Strategy refers to
survival of plant parts that enable species to surviveor recolonize an area after
disturbance (information about herbs and shrubs from Lyon andStickney 1976;
Fischer and Bradley 1987; information about conifers added forthis study and
underlined, from or Hitchcock & Cronquist (1973)or McCune, personal
communication). Code to strategy appears at end of table.Introduced species are
noted by species name.
species names Strategy 1979 1982 1987
annual or biennial herbs:
Cirsium vulgare (I) S X
Filago arvensis (I) S X
Gentiana amarella S X
Montia perfoliata a X
Verbascum thapsus (I) S X X X
perennial herbs:
Achillea millefolium R X
Agropyron spicatum S,R X X
Anaphalis margaritacea R X
Antennaria racemosa X X X
Arabis holboellii X
Arnica cordifolia R X X X
Aster conspicuus R X X X
Astralagus miser B X
Bromus inermis R X X
Calamagrostis rubescens R X X X
Centaurea maculosa (I) S X X
Cerastium arvense S X
Dactylis glomerata (I) R,S X X X
Disporum trachycarpum R X
Epilobium angustifolium R,S X X X
Epilobium paniculatum S X
Festuca arundinacea X
Festuca idahoensis S,P X
Festuca occidentalis (I) X
Fragaria vesca X
Fragaria virginiana ST X X X
Hieracium sp. X38
Hieracium albiflorum R,S X
Juncus sp. X
Lactuca serriola S X
Linnaea borealis C X
Lupinus sp. C X X X
Poa sp. X
Pyrola secunda R X
Stellaria sp. X X X
Taraxacum officinalis (I) S X X X
Thalictrum occidentale R X
Viola sp. R X
shrubs:
Amelanchier alnifolia C X X X
Berberis repens R X X X
Ceanothus velutinus S X
Clematis columbiana X X
Physocarpus malvaceus C,R X X X
Ribes viscosissimum S X
Rosa sp. C X
Spiraea betulifolia C,R X X X
Symphoricarpos albus R X
V accinium globulare R X
conifers:
Larix occidentalis S,R X
Pinus contorta S X
Pinus ponderosa S,R X
Pseudotsuga menziesii S,R X X
I = introduced species (non-native)
B = buds along taproot
C = root crown or caudex
P = residual plant part, both below and above ground
R = rhizomatous
S = seed
ST = stolon39
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CH. III.Vegetation After a Forest Fire in Relation to Site, PreburnHistory, and
Aerially Seeded Grasses
Introduction
A severe stand-destroying wildfire burneda second-growth Douglas-fir forest
at Pattee Canyon, in western Montana, on July 17, 1977. The firestarted in a dry
grassland at the west end of the canyon at 4:20pm, quickly crowned, and fanned
east and south up the north-facing slope of thecanyon (see Fig. II.1). Conditions at
ignition included strong westerly winds, hightemperatures, and low relative
humidity. One hour later, the fire had completed itsmain run and 486 ha were
burned.
The burn was seeded with four species of commercialhybrid perennial
grasses during November, 1977 while the area was snow covered (Craneet al.
1983). Most of the burned areawas aerially seeded, with the exception of one
parcel at the western edge of the burn, whichwas left unseeded at the request of the
landowner. Below 1340 m, Dactylis glomerata (orchardgrass), Agropyron
trichophorum, and A. intermedium (wheatgrass)were used. Above 1340 m, Festuca
arundinacea (tall fescue) and Bromus inermis (smoothbrome), and orchard grass
were used. However, D. glomerata established best andwas present at all
elevations in 1987 (McCune, unpublished data).It was predicted at the time of
seeding that this species would be naturally lost fromthe site in 10-25 years (Crane42
et al. 1983), based on observations of D. alomerataon in the nearby Bitterroot
Mountains where two consecutuve drysummers ten years after aerial seeding were
considered the likely cause of reduced D. glomeratacover (Lyon 1976).
Studies were initiated between 1978 and 1980 thatexamined the following
components of recovery: (1) recovery of groundmosses and lichens; (2) vegetative
recovery in ravines; (3) vegetative recovery on upland sites; (4) conifer
regeneration; and (5) fuel loading. An earlierreport (Crane et al. 1983)
summarized five years of vegetativerecovery and the effects of the aerially seeded
grasses on that recovery in both ravine and upland sites.
The purpose of this chapter is toassess the impact of aerial seeding on
postfire recovery of the vascular plant community.It is based on data collected in
1989 from transects other than those establishedin 1978.
Specific objectives include:
1.Describe the variation in species compositionand abundance of the
vascular plant community in 1989. Are theredifferences among sample units that
correlate with environmental variables?
2. Describe the status of the seededgrass, Dactylis glomerata. What is its
pattern of distribution and abundance? Is it dyingout as predicted?What is its
status relative to Calamagrostis rubescens, thedominant native grass?Methods
Field Methods
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The sampling plan used toassess conifer regeneration (ch. 4) was also used
to describe the structure of the vascular plant communityin 1989. Transects were
located on upland sites.Transects were extended from near burn edges intothe
interior of the burn to documentany variation in community structure and conifer
regeneration related to proximity of survivingtrees.Insufficient regeneration
precluded conclusions about conifer regenerationin an earlier report (Crane et al.
1983). However, at that time, regenerationwas observed to be greatest near the
upper burn edge or near islands of mature, survivingtrees.Therefore, it seemed
appropriate to sample within those portions ofthe burn area.Six transects of 5 to
15 plots each were locatednear the upper burn edge. Three additional transects of
22 to 50 plots were locatedon an open slope where several mature Larix
occidentalis Nutt. (western larch) anda thicket of Pinus contorta Dougl (lodgepole
pine) seedlings were noted (henceforth, the"lodgepole thicket", Fig. II.1).
Transects followed either a sloping ridgeor a compass bearing if on an open
slope. Three transects in the lodgepolethicket (transects 2, 3, and 4)were placed
perpendicular to the slope, parallelto each other, and 25 m apart. Aspectwas
recorded for all nine transects.Readings ranged from northwestto northeast.44
Circular 10 m2 plots (radii = 1.78 m)were placed every 4 m along transects.Plots
were placed at 8 m intervals in transects #6-9 because tree regenerationwas very
sparse. Distance to nearest mature trees was measured by pacing and mapped.The
length of each transect was determined by coniferregeneration: sampling stopped if
no conifer reproduction was found in three consecutive plots. Acover class
estimate (<1% = 1, 1-7% = 2, 7-25%= 3, 25-50% = 4, 50-75% = 5, 75-93%
= 6, 93-99% = 7, >99% = 8) was recorded for each tree, shrub, andgrass
species, and for herbs collectively. Bromus inermis,one of the seeded species, is
found naturally in western Montana andwas treated as naturally-occurring since its
abundance was low. The height of all conifer seedlingsand saplings was measured
to the nearest 10 cm. In areas where lodgepole pine regenerationwas above 40
seedlings per plot, a subsample of 1/2or 1/4 plot was used.
Thirty-three conifer saplings were cut fora later count of annual rings to
determine the years of conifer re-establishment.Saplings were randomly chosen
within plots subjectively assessed to have aboveaverage stem density.
Analysis
The data were analyzed to reveal the majorcomponents of variation in
community structure. The dimensionality ofthe data set was reduced using Bray-
Curtis ordination with the variance-regressionmethod of endpoint selection and
perpendicularized axes (Beals 1984; usingprogram BCORD in PC-ORD, McCune45
1990). The quantitative version of theSorenson index was used as the distance
measure. A squareroot transformation ofcover class scores was done to improve
plots were deleted before ordination.The result was a primary matrix of 193 plots
x 24 species.
One plot, #26, was removed after initial analysis.This plot was both an
outlier and endpoint for axis 2. Assuch, variance explained by that axiswas
determined largely by the distance from thisoutlying point to the rest of the points.
This plot was most likelyan outlier in part because it was the onlyone that did not
contain C. rubescens. Removal of this pointincreased the spread of the other plots
without sacrificing much information.
A secondary matrix of 192 plotsx 7 environmental variables was createdas
described below. These variableswere used for correlation and overlays against
plot scores on ordinationaxes.
The variable TASPECT representedaspect transformed from the compass
bearings (0) to a scale that represents heatload using the equation TASPECT=
sin(O + 45°) + 1. TASPECTranges from 0 to 2 and is lowest on SW slopes and
highest on NE slopes. In this dataset, values ranged from 0.83 to 2.00.
T-M represented a topographic-moisturerank designed to reflect soil
moisture and evapotranspiration regimesthat are functions of topographic location
and aspect (Kessell 1979). The scaleof 1 to 8 ranges from sheltered slopeswith a
N-NE aspect to ridges witha SW aspect. T-M in this data set ranged from 3(NE
open slopes) to 7 (N to NE sloping ridges).46
The variable S1937 represented the pre-burnvegetation type assigned to each
transect based on examination of aerial photographstaken in 1937 (project 43A, line
8E, photograph 97, National Archives,Washington, DC). A scale of 1 to 5
reflected the spatial appearance of the stands:1 = uneven-aged, closed-canopy
forest (presumably older), 2= dense, even-sized canopy of smaller trees
(presumably a younger forest), 3= woodland (>75% tree canopy), 4 = parklike
(25-75% tree canopy), and 5= savanna (<25% tree canopy). Significant logging
was not evident in these photos, although the lower slopesshowed evidence of
human activity. Fire suppression effortswere just beginning around this time, so
these photographs reflect communitytypes shaped by pre-suppression fire
frequencies. A mean fire return interval of10 years has been estimated for fires
affecting large parts of Pattee Canyon duringthe years 1750-1900, with smaller fires
occurring on the average ofonce every five years (Habeck 1990).
To determine the year of the burn thatproduced the 1937 cover type= 2,
sections from nine stumpswere removed in 1990. These trees were locatedon the
lower slope (section 10, NW' /4 of NE 'A,vicinity of plot D) in thearea mapped as
cover type 2.All were killed in the 1977 fire, thenlater salvaged.
ELEV (plot elevation) was estimated fromthe topographic map. Starting
elevations for the upper six transectswere near roads which generally followedmap
contours. Starting elevations for the interiorthree transects (T2-4) were placed
midway between two roads andare approximate. From the starting elevation, plot47
elevations were derived from a slope estimate madefrom knowledgeof transect
length on the ground and map lengths (a planeprojection).
DSEED is the distance to the nearestmature conifer, a seed source for post-
fire regeneration. These distanceswere either paced in the field or estimated from
aerial photographs taken in 1981 (photograph688128-9-6, Montana Aerial
Photography, Missoula, MT) in which survivorswere evident. Species
identification was not possible from the aerialphotographs.
DBURN is the distance to the nearest burn edge,derived from map
estimates. DBURN is similar to DSEEDestimates for plots along theupper burn
edge, since survivors of all specieswere evident. No mature Douglas-fir were noted
near the lodgepole thicket, so for this species DBURN andDSEED were different in
that area.
ROCKS is the measure of rockcover. The same percent cover classes were
used as with species cover.
Does the post-burn species composition differamong sites having different
histories? A multipermutationresponse procedure (MRPP in PC-ORD, McCune
1990) was performed to test the hypothesisof no differences in species composition
between the S1937 vegetation type categories.This non-parametric procedure is
based on the within-groupaverage of pairwise Euclidean distancesamong plots.
MRPP tests the null hypothesis ofno difference between groups. The test statistic is
compared to the distribution of that statisticbased on the collection of all possible
permutations of the objects intogroups having specified sizes (Zimmerman et al.48
1985). MRPP does not require assumptionsof multivariate normality and
homogeneity of variances (McCune 1990).
A chi-square analysis was usedto compare expected abundances of Dactylis
glomerata and Calamagrostis rubescens withobserved joint abundances basedon the
null hypothesis of independent distributionand abundance. The method of
calculating expected co-occurrences fromfrequency distributions of species
abundances is based on Beals (1983 unpublished).A contingency table was created
which contains the frequency distributionsof cover class estimates for each species
separately. From this, the expected frequenciesof joint occurrences were
calculated. Observed frequencieswere calculated from the frequency distribution of
joint occurrences for eachcover class combination. The chi-square test statisticwas
calculated with degrees of freedom= n-1 cells. Each cell was one possible sum of
cover class combinations. Cover classes 7 and 8were combined into one class since
a minimum of 5 observations are required for each class(Zar 1974).Results and Discussion
Patterns of species composition
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The dominant compositional patterns inthe vegetation were related to
topography and historical cover types. Thiswas shown by strong patterning of
overlays of the topographic-moisture index(T-M) and cover type in 1937 (S1937)on
the first two ordinationaxes (Fig. III.1). These two axes explained 36 and 20%of
the distance matrix. Along axis 1, the lowerleft-hand corner of the ordinationspace
corresponded both to the higher elevation, N-NEopen slopes (most mesic) and the
1937 designation of an unevenly-structured,presumably older forest. The right side
of the ordination space correspondedto the T-M ratings of 6 and 7 (ridges) and the
1937 designation of woodland. Plotson open slopes were separated by elevation
along the second axis (r2= .368). The upper left-corner of the ordinationspace
corresponded to the N-NW open slopesat lower elevations, and the 1937appearance
of a dense, evenly-sized, presumablyyoung forest. The young forest in 1937
suggests a more recent fire in thisarea than on the higher elevation, mesic slopes.
Based on the age of the ninecut stumps from this cover type, these standsprobably
originated in 1910.
Overlays and correlationswere used to examine species distributionamong
these three groups. Species associatedmost strongly with the formerly woodland
area included D. glomerate, Bromus inermis, andforbs (Table III.1, Fig. 111.2).50
These species were both positively correlatedwith axis 1 and negatively correlated
with axis 2.Overlays also linked Festuca idahoensis andAgropyron spicatum with
plots in this part of the ordinationspace (Fig. 111.2). A. spicatum is indicative of
xeric conditions. In western Montana,bunchgrass prairies with Agropyron and
Festuca mixtures are typically found in valleybottoms and southern aspects (Habeck
1987). Aerial photographs suggest this vegetationmay be part of a savanna
wrapping over the top of Mt. Dean Stone from thesavanna and grassland on the
south slope of the mountain. These extensionsof savanna on the north side of the
mountain occur mainly on the steeply slopingridges.
Lodgepole pine, western larch, Vaccinium globulare,and Amelanchier
alnifolia were associated with the intermediateT-M rank of 4 and the younger
forests in 1937 (Table MA and Fig. 111.2).The correlation of lodgepole pine and
western larch with the younger forests matches the seralrole these species are
considered to have in this area (Habeck 1987,Schuler 1968).
Spiraea betulifolia was most strongly correlatedwith the T-M rank of 3 and
1937 appearance of an unevenly-structuredforest (Table 111.1, Fig. 111.2)on the
higher slopes. The overlays linked Douglas-firwith this area (Fig. 111.2). Douglas-
fir is considered the 'climax' species in thisarea (Habeck 1987; Pfister et al. 1977)
and therefore would be expected tooccur in an older stand.
A third group of species may have been associatedwith fire severity. Rubus
parviflorus, Symphoricarpos albus, and Douglas-firwere moderately and negatively
correlated with axis 3. Carex geyeriwas moderately and positively correlated with51
the third axis (Table 111.1). In the western Cascades,R. parviflorus preferred
disturbed but unburned sites when comparedto sites that were burned (Dyrness
1973; Halpern 1988). Douglas-fir seedlingestablishment is less dependentupon a
mineral seedbed than is western larch (Hermannand Lavender in USDA 1990).
Symphoricarpos albus is considered fire-resistant, butgreatly enhanced by cool to
moderately severe fires (Fischer and Bradley 1987).In Douglas-fir forest in central
Idaho, Carex geyeri post-firerecovery was greater in unburned plots when compared
to recovery in burned plots. Therefore, axis 3may be positively correlated with
areas of lower fire intensity.Correlations of environmental variables with axis 3
were weak. Axis 3 explained 17% of the distance matrix.
TASPECT was more strongly correlated with axis2 than axis 1, separating
into two groups the plots on open slopes. This ismost likely an artifact of sampling
by transects rather than ecological differences,since aspects for the lower transects
were each N-NW and for the upper transectswere each N-NE. The plots on open
slopes instead were correlated with foresttype in 1937, reflecting recent fire history.
Site history
The ordination indicated a widerrange of site conditions than usually
associated with north slopes in westernMontana. North slopes ofcanyons usually
support forests, and south slopes supportsavannas and grasslands (Habeck 1987).
This site, at the west end of Pattee Canyon,was considered by Schuler (1968) to be52
more xeric than elsewhere on the north side of thecanyon because the canyon opens
up at the western end. The ordination supported this,emphasizing local topographic
conditions as the most important controllingenvironmental factor. Also, 1937
photographs show evidence ofsavanna extending over the ridgetop near Mt. Dean
Stone and down some of the north slopes. Thissuggests a history of frequent fire in
some forested areas near present-day savanna.
The north slope of Pattee Canyonwas described as a dense, second-growth
Douglas-fir forest at the time of the burn(Crane et al. 1983). Yet stands clearly
varied within the study area. The correspondenceof 1937 cover types to 1989
vegetation reflects both recent fire history(young vs. mature forests and
predominance of lodgepole pine and larchvs. Douglas-fir) and long-term fire
frequency (dry woodlands with frequentground fire vs. mesic forests with
infrequent, more destructive fires). Whatappeared as woodland in 1937 included
grasses of xeric sites (Agropyron spicatum and Festucaidahoensis) in 1989 and
therefore probably had a significantgrass component before the burn in 1977. What
appeared as a young, dense forest in 1937was in 1989 the site of most western
larch and dense lodgepole pine regeneration.What appeared as an uneven-sized
forest in 1937 was the site ofgreatest Douglas-fir regeneration, andsome lodgepole
pine regeneration. Different shrubspecies in 1989 were also correlated with
differences in forest cover in 1937. Therefore,historical differences among the
areas as defined by the ordination were likely relatedto fire frequency.53
The net result was that vegetative patterns in axis 1were judged to be
controlled primarily by differences in local topography andcorresponding long-term
site history (i.e. fire frequency). Axis 2,on the other hand, was controlled by
short-term site history, namely the pattern of thepast large fire (1910). Axis 3 may
represent a vegetative response to fire severity independent of majortopographic
differences. Species composition differed greatlyamong the three groups defined by
the 1937 status and topographic-moisture index (MRPP,p< < 0.001 for groups
defined by S1937 and groups defined by T-M).
Status of native and seeded grasses
C. rubescens was present in all butone plot and abundant in the whole range
of sites except for the driest sites of the ordination.D. glomerata was also abundant
throughout except within the lodgepole thicket (Fig.111.2). The null hypothesis of
independent association between these two specieswas rejected with a chi-square
test (Table 111.2, X' = 18.53, p=0.01). The species insteadhave a weak negative
association (Table 111.3). Thereare several explanations possible for the negative
association:(1) D. glomerata establishmentwas less successful on mesic sites
because of generally thicker vegetation; (2) D.glomerata runs through the course of
its life cycle more slowlyon xeric sites, as do other species, so that peak
abundances have yet to be observed; (3) D. glomerataand C. rubescens do not
interfere with each other.Negative association was caused by differences in54
moisture tolerances; and (4) D. glomeratacan outcompete C. rubescens on dry sites
and C., rubescens can outcompete D. glomerataon wetter sites.
Of these options, it is likely that differingexplanations pertain to different
areas within the site.In the lodgepole thicket, cover of native vegetationwas
generally greater than elsewhere in 1989.D. glomerata cover was at trace levelsor
absent from 72% of the plots on all mesic slopes,but had similarly low levelson
only 10% of the plots on xeric ridges. D.glomerata generally requires at least 46
cm annual precipitation (Hassell et al. 1983),so the mesic plots should be more
favorable than those on the xeric ridges.Therefore, competition, rather than
inadequate site conditions might bea factor on the mesic slopes. Competitionmay
have restricted both the establishment andthe persistance of D. glomerata in those
areas.C. rubescens is considered relativelydrought-tolerant (Svejcar 1986), so the
greater success of D. glomerata on the xeric ridgesprobably does not reflect a
difference in optimum habitats for eitherspecies, but may reflect the ability of D.
glomerata to establish whencover of other species was minimal and to persist while
the cover of other species expanded. C.rubescens is considered a dominant forest
understory species, so itmay produce more tillers in shaded areas. Thereforeon the
more xeric ridges, D. glomerata may outcompete withC. rubescens once
established.55
Conclusions
Patterns of species abundance and distribution 12years after a forest fire
were primarily controlled by factors summarized ina topographic-moisture index
and both short-term and long-term pre-burn disturbancehistory. Areas that
appeared as open woodlands in 1937 occurredon ridges and had more xerophytic
vegetation in 1989. Species prominenton these sites in 1989 included several native
grass species such as Bromus inermis, Agropyron spicatum, andFestuca idahoensis,
and the aerially seeded grass, Dactylis glomerata.Areas that appeared as an even,
young forest in 1937 were on open slopes in the burn interior.Characteristic
species in 1989 were lodgepole pine,western larch, Vaccinium alobulare, and
Amelanchier alnifolia. Areas that appearedas an older, uneven-aged forest in 1937
were on open slopes near the upper burn edge andwere characterized by Douglas-fir
and Spiraea betulifolia in 1989.
The introduced grass, Dactylis glomerata,appeared to be more successful on
the drier ridges, possibly displacing other speciesthat establish by seed such as
native annuals and conifer seedlings. D.glomerata was negatively associated with
Calamagrostis rubescens, the dominant nativegrass species. Because C. rubescens
was present in all but one of the 193 plots, competition, ratherthan differences in
environmental tolerances, may have partiallyrestricted D. glomerata to themore
xeric sites.56
Conifer establishment wasvery low in the more xeric transects.It may be
that the addition of D. alomerata exacerbatedcompetition for water as a major
factor hindering regeneration. The 1937 photographssuggest that a lower density of
conifers should be expected when comparedto the open slopes, but the almost total
lack of regeneration on these ridgesseems extreme.Figure HI. la. Bray-Curtis ordination of 192
topographic-moisture gradient. A scale of 1
slopes with a N-NE aspect (1) to ridges with
slopes, 4 = NW open slopes, 6= N ridges,
57
plots in species space by rankingof
to 8 was used, ranging from sheltered
a SW aspect (8). Here, 3= NE open
and 7 = NW ridges.
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Figure III. lb. Bray-Curtis ordination of 192 plots inspecies space by S1937, the
vegetation type as it appeared in aerial photographstaken in 1937. A scale of 1 to 5
was used: 1 = uneven-aged, closed-canopy forest (presumably older),2 = dense,
even-sized canopy of smaller trees (presumablyyounger), 3 = woodland (>75%
tree canopy), 4 = parklike (25-75% tree canopy), and 5= savanna (<25% tree
canopy).
Canopy Cover in 1937 (S1937)
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Fig. 111.2. Overlays of abundance ofindividual species from a Bray-Curtis
ordination (B-C ORD) of 192 samples inspecies space.Ellipse sizes represents the
arcsine squareroot transformation of thecover class estimates for species abundance,
scaled from minimum (a small rectangle)to maximum (largest ellipse) for each
species.
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1 2 3
r r2 tau tau r r2 tau
Acer glabrum -0.02 0.00-0.05 0.14 0.02 0.12 0.08 0.01 0.05 Agropyron spicatum 0.28 0.08 0.20 -0.09 0.01-0.08 0.12 0.01 0.11 Alnus sp. -0.46 0.21-0.37 -0.26 0.07-0.21 -0.17 0.03-0.15 Amelanchier alnifolia -0.09 0.01-0.07 0.44 0.19 0.35 0.07 0.00 0.05 Bromus inermis 0.61 0.38 0.47 -0.51 0.26-0.42 -0.25 0.06-0.20 Calamagrostis rubescens -0.38 0.14-0.24 0.13 0.02 0.12 0.18 0.03 0.12 Carex geyeri 0.06 0.00 0.05 0.20 0.04 0.09 0.46 0.21 0.32 Ceanothus velutinus 0.24 0.06 0.19 -0.06 0.00-0.04 0.04 0.00 0.04 Dactylis glomerata 0.72 0.52 0.60 -0.55 0.30-0.42 -0.11 0.01-0.06 Festuca idahoensis 0.39 0.15 0.27 -0.11 0.01-0.11 0.11 0.01 0.10 Forbs 0.57 0.32 0.40 -0.42 0.18-0.26 -0.07 0.01-0.07 Larix occidentalis -0.42 0.18-0.36 0.30 0.09 0.24 -0.10 0.01-0.09 Physocarpus malvaceus 0.39 0.16 0.28 0.27 0.08 0.21 0.12 0.02 0.08 Pinus contorta -0.72 0.52-0.57 0.46 0.21 0.32 0.04 0.00 0.02 Pinus ponderosa -0.01 0.00 0.02 -0.02 0.00-0.01 -0.02 0.00-0.03 Populus tremuloides -0.11 0.01-0.10 0.02 0.00 0.03 -0.08 0.01-0.07 Pseudotsuga menziesii -0.19 0.04-0.13 -0.37 0.14-0.30 -0.50 0.25-0.39 Ribes viscosissimum 0.08 0.01 0.07 0.12 0.01 0.09 -0.10 0.01-0.08 Rubus parviflorus -0.12 0.02-0.08 0.22 0.05 0.18 -0.59 0.34-0.46 Salix scouleriana -0.20 0.04-0.19 -0.05 0.00-0.04 0.02 0.00 0.01 Spiraea betulifolia -0.32 0.10-0.16 -0.48 0.23-0.35 -0.11 0.01-0.10 Symphoricarpos albus -0.13 0.02-0.11 0.32 0.10 0.22 -0.49 0.24-0.40 Vaccinium globulare -0.73 0.53-0.50 0.35 0.13 0.25 0.09 0.01 0.08
SECONDARY MATRIX VARIABLES:
DBURN -0.44 0.20-0.35 0.59 0.34 0.33 0.30 0.09 0.22 DSEED 0.04 0.00-0.01 -0.35 0.12-0.26 0.09 0.01 0.04 ELEV 0.37 0.13 0.27 -0.61 0.37-0.37 -0.38 0.15-0.26 ROCKS 0.27 0.08 0.22 0.27 0.07 0.19 0.02 0.00-0.01 T-A 0.38 0.15 0.27 -0.52 0.27-0.37 -0.33 0.11-0.21Table 111.2. Chi-square
Expected X2=18.48
analysis to compare expected abundances of
at p=0.01 (df=7).
D. glomerata and C. rubescens. Computed X2=18.53.
cover class
0 1 2 3 4 5 6 7
C. rubescens 1 8 35 57 48 39 5 0
D. glomerata63 59 54 17 0 0 0 0
observed spp. 1 0 4 36 52 56 30 14
1 +2
expected spp.0.33 2.92 14.1531.6343.5946.4432.01 21.50
1 +2
(obs-exp)2/exp1.39 2.92 7.28 0.60 1.62 1.97 0.13 2.6265
Table 111.3. Frequency distribution ofcover class estimates for Calamagrostis
rubescens and Dactylis glomerata in 1989.
D. glomerata cover class estimates
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CH. IV. Factors Controlling ConiferRegeneration After a Wildfire in Western
Montana
Introduction
A severe stand-destroying wildfire burneda second-growth Douglas-fir forest
at Pattee Canyon, in western Montana,on July 17, 1977. The fire started in a dry
grassland at the west end of thecanyon at 4:20 pm, quickly crowned, and fanned
east and south up the north-facing slope of thecanyon. Conditions at ignition
included strong westerly winds, hightemperatures, and low relative humidity. One
hour later, the fire had completed its mainrun and 486 ha were burned.
The burn was seeded with four species ofcommercial hybrid perennial
grasses during. November, 1977 while thearea was snow covered (Crane et al.
1983). Most of the burnedarea was aerially seeded, with the exception ofone
parcel at the western edge of the burn, whichwas left unseeded at the request of the
landowner. Below 1340 m, Dactylis glomerata(orchard grass), Agropyron
trichophorum, and A. intermedium (wheatgrass)were used. Above 1340 m, Festuca
arundinacea (tall fescue) and Bromus inermis(smooth brome), and orchardgrass
were used. D. glomerata established best andwas present at all elevations in 1987
(McCune, unpublished data).It was predicted at the time of seedingthat it would
be naturally lost from the site in 10to 25 years (Crane, Habeck, & Fischer, 1983),
based on observations of D. glomerata inthe nearby Bitterroot Mountains wheretwo69
consecutive dry summers ten years after aerial seedingwere considered the likely
cause of reduced D. glomerata cover (Lyon 1976). However, from1979 to 1987, it
was one of two dominant species on the burnarea (see ch. 2).
Studies were initiated between 1978 and 1980 thatexamined the following
components of recovery:(1) recovery of ground mosses and lichens; (2)vegetative
recovery in ravines; (3) vegetative recovery on upland sites; (4)conifer
regeneration; and (5) fuel loading. An earlierreport (Crane et al. 1983) summarizes
five years of vegetativerecovery and the effects of the aerially seededgrasses on
that recovery in both ravine and upland sites.Chapter 2 of this thesis extended the
analysis of postfire revegetationon the upland sites with data collected in 1987
(McCune, unpublished). Chapter 3 examined vegetativerecovery of upland sites
using data from transects established in 1989.
This chapter focuses on conifer re-establishmentand the impact of aerial
seeding on such re-establishment.Insufficient data on conifer regeneration
precluded conclusions about re-establishment inan earlier report (Crane et al. 1983).
Therefore, a larger samplewas collected in 1989, based on transects other than
those established in 1978 (see ch. 2).Because seedling density was low in the
interior of the burn, sampling in 1989was restricted to upland areas near the burn
edge or near islands of surviving trees. Thepredominant conifer species at this site
were Pseudotsuga menziesii (Mirb.) Franco (Douglas-fir), Larixoccidentalis Nutt.
(western larch), Pinus contorta Dougl.(lodgepole pine), and Pinus ponderosa Dougl.
(ponderosa pine).70
Sampling was concentrated inareas near surviving trees to capture most of
the regeneration. The conifer speciesat Pattee Canyon have wind-dispersed seeds.
Empirical equations describe seed dispersalpatterns as negative exponential, with
most seeds falling near the parent tree butsome carried for considerable distances
(McCaughey et al. 1986). Other modelspropose a skewed bell-shaped distribution
of seed dispersal (Okubo and Levin 1989).Studies have estimated seed dispersal
distances from seed traps placed at set intervalswithin 300 m wide clearcuts
adjacent to stands of mature timber (Barrett1965; Boe 1953; Tackle 1964). For
Douglas-fir, most seeds were found lessthan 80 m away from the source, and low
levels of seeds were foundup to 240 m (Boe 1953). For ponderosa pine stands in
central Idaho, most seedswere found 20-40 m from the parent tree, with low levels
up to 160 m (Curtis and Foiles 1961; Barrett 1965). Lodgepolepine dispersal
distances were 20-40 m from the parenttree for stands in central Montana (Boe
1956; Tackle 1964). In northwesternMontana, most western larch seed traveled 60
m from the parent tree, with low levels up to 250m (Shearer 1980; McCaughey et
al. 1986).
Another obstacle to seedling establishmentand growth is competition from
existing vegetation for space, water, light,and nutrients.Studies have documented
the adverse effects of competing nativevegetation on natural conifer regeneration
(Seidel 1979a) or nursery-grown seedlings(Newton 1964) although others reportno
relationship between the density ofgrasses, forbs, and shrubs on stem density
(Seidel 1979b). In Montana, thepresence of C. rubescens, a native grass species at71
Pattee Canyon, was shown to reduce biomass ofnursery-grown, 2-year old Pinus
ponderosa saplings (Petersen 1988). Competingvegetation can usurp needed water
and light, but can also amelioratea harsh post-fire environment (Gashwiler 1971).
Fewer studies exist that describe the relationshipbetween seeded grasses and conifer
regeneration, although a study ina mixed conifer forest in eastern Oregon concluded
that seeded grasses did not decrease conifer seedlingestablishment, but did reduce
seedling growth (Geist and Strickler 1990). Basedon the results of most studies,
one might expect greater regeneration in areas of less dense vegetation.Because the
introduced grasses are a major component of thevegetative cover at Pattee Canyon
(see Table 11.4 in ch. 2), thesegrasses may have affected conifer re-establishment at
this site.
A third category of factors affecting conifer re-establishmentis the
microclimate around the seed and seedling. Thisincludes variables such as aspect,
slope, litter and duff thickness, soil drainage, andsoil temperature. Many studies
indicate that Douglas-fir is more tolerant ofa variety of seedbed conditions than
western larch or lodgepole pine in Montana (Hatch andLotan 1969; Schmidt and
Roe 1976; USDA 1990). Differences in regenerationsuccess may relate to seedling
mortality as well as seed germination. Ina Abies lasiocarpa/Menziesia ferruginea
habitat type in Bitterroot Mountains, duff driedout sooner than bare mineral soil,
with water content below the "Permanent wiltingpoint" from mid-July to mid-
September (Potts 1985). Micro-scale factorswould vary for each seedling.
Measuring them was beyond thescope of this study.Instead, slope and aspect72
measured for each transect and species composition insmall plots was used as an
index of local site conditions.
Objectives
1. What factors are related to andmay have controlled the variation in
density of conifer regeneration on the Pattee Canyon burn?The most likely factors
are:1) site variation;2) density and type of competing vegetation; and 3)distance
from seed source.Other factors may include seed predation and herbivory.
2. What has been the impact of aerial seeding ofgrasses on conifer
regeneration?Methods
Field Methods
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The sampling plan used to describe postfire changes in the plant community
structure (ch. 3), was also used to describe conifer regeneration in 1989. All
transects were on upland sites.Areas nearest to burn edges or unburned islands
were chosen for sampling since conifer regeneration appeared to be greater near
burn edges than in areas in the interior of the burn. Six transectswere located near
the upper burn edge. Three additional transectswere located on an open slope
where several mature western larch and a thicket of lodgepole pine seedlings and
saplings were noted (henceforth, the "lodgepole thicket", Fig. II.1).
Transects either followed a sloping ridge or a compass bearing ifon an open
slope. The three transects through the lodgepole thicketwere placed perpendicular
to the slope, parallel to each other, and 25 m apart. For all nine transects,a
compass bearing was recorded.Bearings ranged from northwest to northeast.
Circular plots of 10 m2 were placed every 4 m along the transect.Plots were
occasionally placed at 8 m intervals if conifer regenerationwas very sparse.
Distance to nearest mature trees was measured by countingpaces and mapped. The
length of each transect was determined by conifer regeneration:sampling stopped if
no conifer seedlings were found in three consecutive plots. A cover class estimate74
(<1% = 1, 1-7% = 2, 7-25%= 3, 25-50% = 4, 50-75% = 5, 75-93%= 6, 93-
99% = 7, >99% = 8)was recorded for all tree, shrub, and grass species.All
other herbaceous specieswere treated as one category to speed sampling. The
height of all conifer seedlings and saplingswas measured to the nearest 10 cm. In
areas where lodgepole pine regenerationwas greater than 40 seedlings per plot, a
subsample of 1/2 or '4 plotwas used. Thirty-three conifer saplings were cut fora
later count of annual rings to estimate theyears for most conifer re-establishment.
Saplings were randomly chosen within plotssubjectively assessed to haveaverage to
have above average stem density.
Analysis
The following approacheswere used to assess conifer regeneration: (1)
ordination described general patterns of coniferregeneration; (2) graphs described
the relationship between distance to seedsource and conifer regeneration; (3) a
general comparison was made between standcomposition and stem density from
1965 in nearby stands (Schuler 1968), 1980(Crane et al. 1983) conifer regeneration
in the burn area, and 1989 coniferregeneration in the burn area; (4)a principal
components analysis (PCA) produced uncorrelated factorsfrom the site and
historical factors identified by the ordination;and (5) a regression model determined
both the relative importance of each PCAcomponent and the amount of variation in
the regeneration model explainable withthe available variables.75
The general strategy for the regression analysiswas to regress density of tree
regeneration on a set of synthetic variablesrepresenting variation in vegetation and
environment and derived from ordinations. Aregression was performed for each of
the three major tree species:Douglas-fir, western larch, and lodgepole pine.A
small number of synthetic variableswere produced by two stages of data reduction
from a larger set of variables representingvegetation and environment. The first
stage of data reduction was an ordination described belowunder 'Synthetic
vegetation variables.' The second stagewas a principal components analysis
described under 'Synthetic vegetation-environmentalvariables.'
The synthetic variables derived from the ordinationcontained more
information than species abundancesor environmental variables used individually
would provide.Since plot scores derived from the ordinationrepresented
correlated factors, these scores could not be useddirectly in a regression analysis.
Hence, the principal components analysiswas used to obtain uncorrelated factors
which still contained information describedby the ordination.
Synthetic vegetation variables
A Bray-Curtis ordinationwas used to reduce the matrix of cover class
estimates (192 plots x 23 species) toa smaller number of variables representing the
major gradients in species composition(Chapter 3; Beals 1984; usingprogram
BCORD in McCune 1990). The variance-regressionmethod of endpoint selection76
and perpendicularized axes were used. The quantitativeversion of the Sorenson
index was used as the distancemeasure. A squareroot transformation of cover class
estimates was done to improve resolutionat the low end of the cover scale.Species
that occurred in 5 or fewer plotswere deleted before ordination. The result was a
primary matrix of 193 plotsx 23 species.
One plot, #26, was removed after initial analysis. Thisplot was both an
outlier and endpoint for axis 2. As such, varianceexplained by that axis was
determined largely by the distance from this outlyingpoint to the rest of the points.
This plot was an outlier in part because itwas the only one that did not contain C.
rubescens. Removal of this point increased the spreadof the other plots without
sacrificing much information.
Environmental variables
The environmental matrix (192 plotsx 7 environmental variables) was
constructed as described in Chapter 3.Seven variables were used:(1) TASPECT,
aspect transformed to reflect heat load; (2) T-M,a topographic-moisture rank
designed to relfect soil moisture and evapotranspirationregimes that are functions of
topographic location and aspect (Kessell 1979);(3) S1937, cover types designated
from examination aerial photographs taken in1937 (National Archives, Washington,
DC), based on percent canopycoverage; (4) ELEV, elevation of each sample unit;77
(5) DSEED, distance to the nearestmature conifer, a seed source for post-fire
regeneration; (6) DBURN, the distance to the mainburn edge; and (7) ROCKS, an
estimate of rock cover in each sample unit.
Synthetic vegetation-environment variables
The environmental and synthetic vegetationvariables were strongly
intercorrelated with one another. Therefore,a principal component analysis (PCA)
was used to obtain uncorrelated variables, or componentsto be used as independent
variables in regressions of density of coniferregeneration. The components area
linear combinations of the observed variables,each linear combination a "factor"
(Tabachnick and Fidell 1989). Factorscores for each plot were computed for use as
the independent variables fora regression model. Principal components analysis
with varimax-rotation was done usingSPSS/PC+ v.4.0 (Norugis 1990).
Regressions of density of conifer regeneration
Regression models were created to examine theability of these synthetic
vegetation and environmental variablesto "predict" conifer re-establishment and to
assess the relative importance of each component. A hierarchicalmultiple linear
regression was performed for each major coniferspecies using SPSS/PC+ version
4.0 (Norugis 1990). Ponderosa pinewas dropped from the analysis, since only 1178
individuals were found in the plots.Conifer regeneration (stems/hectare)was log
transformed. For each species, the pool ofindependent variables for regressions
consisted of varimax-rotated factorscores and the appropriate distance measure
(DSEED or DBURN) as explained above.79
Results and Discussion
Patterns of conifer regenerationwere most strongly related to site and
historical factors.Site factors included topographic characteristics(such as slope
and aspect) and vegetation that reflected thosephysical differences.Historical
factors included both long- and short-term fire history,reflected in the mosaic of
community types at the site, and theage structure of the forests. The relationship
between proximity to a seedsource and regeneration varied among species. These
patterns are explained in more detail below.
Each conifer species responded differentlyto these parameters. Douglas-fir
regeneration was moderate on the ridges (1207stems/ha) but in the two mesicareas
densities ranged from 370 stems/ha in the lodgepolethicket to 4045 stems/ha on the
upper mesic slopes. No mature Douglas-firwere noted near the lodgepole thicket.
Western larch was present in moderateamounts (857 stems/ha) only in one of two
mesic areas despite seedsources near all study plots.Regeneration was greater in
areas immediately adjacent to survivor trees.Little regeneration of this specieswas
seen on xeric ridges or mesic slopes on which D. glomeratawas abundant.
Lodgepole pine regeneration ranged fromvery little (103 stems/ha) to extremely
dense (13,000 stems/ha). The variation instem density and the lack of a
relationship to present seed source stronglysuggested cone serotiny to be most
important in controlling patterns of regenerationfor this species.80
Patterns of conifer regeneration
Overlays of conifer regenerationon an ordination of vegetation were first
used to discern patterns of conifer regeneration(Fig. 111.2). Differences in conifer
regeneration corresponded to the three regionsdescribed by the ordination:(1) xeric
ridges limited primarily to Douglas-firregeneration;(2) mesic slopes near the burn
edge on which most Douglas-fir andsome lodgepole pine regeneration occurred; and
(3) mesic slopes in the burn interiorwhere dense lodgepole pine regenerationand
most western larch regeneration occurred (TableIV. 1).
Site variation
Mesic slopes were separated from xericridges along a topographic-moisture
gradient on the first ordination axis (Fig.III.2a). The mesic slopeswere further
separated into two groups by site history(see Chapter 3 and discussed below, inthe
section 'Historical factors').Elevation (ELEV) and distance to theburn edge
(DBURN) were moderately correlatedwith the two areas of mesic slopes (Table
111.1). These two variableswere consistently paired, since when elevationwas high,
distance to the upper burn edgedecreased; at lower elevations distanceto burn edge
increased. Thus the correlation betweenELEV and DBURN wasa sampling artifact
rather than an ecologically significantrelationship. The elevational difference81
between the upper plots and those in thelodgepole thicket was approximately 150
m, probably too small for a marked change in vegetationalong an elevational
gradient. ELEV was, therefore, droppedfrom the principal components analysis.
DBURN, however, related to seed availabilityand was considered relevant to
regeneration.
Historical factors
The designations of cover types basedon 1937 aerial photographs
corresponded with the areas described bythe topographic-moisture index. The xeric
ridges were woodland in 1937. Thelower mesic slopes correspondedto the young
forest in 1937. The upper mesic slopescorresponded to the mature, uneven-sized
canopy in 1937. This correspondence suggests that the1937 vegetation types
reflected both recent fire history (youngvs. mature mesic forest) and long term fire
frequency (dry woodlands with frequentground fire vs. mesic forests with
infrequent, more destructive fires). Thefirst axis of the ordinationspace was
therefore controlled by a combination ofsite factors (topography) and historical
factors (long-term fire frequency).The second axis was controlled by whetheror
not sites were burned early in thiscentury (Ch. 3).
The 1989 vegetation reflected thesesite and historical differences(chapter 2).
Native grasses, such as Festucaspp. and Agropyron spicatum, were restrictedto the
xeric ridges. Shrubswere more abundant on the mesic slopes,areas of less frequent82
fires. Western larch and lodgepole pine,considered seral species in thisarea
(Habeck 1987) were, in 1989, locatedprimarily in the lodgepole thicket. Thisarea
presumably burned more recently than theupper slope and therefore would have
more seral species present as seed sources than theupper slopes. This assumed that
an uneven-sized forest had more "climax" species suchas Douglas-fir (Pfister et al.
1977). Most Douglas-fir regenerationwas located on the upper mesic slopes in
what was a mature forest in 1937 andmight therefore includemore climax species
nearby for regeneration.In 1989, five conifer specieswere noted near the upper
transects, but Douglas-fir predominated. Thepattern of conifer regeneration
therefore followed recent fire history.
Distance from unburned trees
Each tree species showeda different relationship between density of
regeneration and distance from unburnedtrees (Fig. IV.1). Western larch seedlings
roughly followed a negative exponentialdistribution, with most regeneration
occurring within 10 m ofa parent tree.This regeneration was primarily locatedat
the island of mature western larch inthe lodgepole thicket.Yet, mature larch were
located near all transects exceptone. Therefore factors other than seed availability
most likely prevented larch regenerationon most of the burn area.Site conditions,
including competition from D. glomerata,may have been more important than
proximity to a seedsource for this species even on mesic slopes.It is considered83
less shade-tolerant than Douglas-fir,so competition from other vegetation, including
D. glomerata may have been important (Schmidt andShearer 1990).
A weak pattern of decline in regeneration withdistance was detected for
Douglas-fir, although most regeneration occurred within90 m of a source tree.
Regeneration levels were lowest in the lodgepole thicketwhere no mature survivors
were noted nearby, reflecting a relationship to seed availability. Yet thepresence of
saplings at least 100 m from a seedsource also suggests that seedling establishment
for Douglas-fir was less site-dependent thanwestern larch. This species is more
shade-tolerant than western larch and less dependentupon bare mineral soil as a
seedbed than either western larchor lodgepole pine (Hermann and Lavender in
USDA 1990).
Lodgepole pine regeneration appearedto be similar at all distances between 0
and 90 m from surviving trees.Regeneration was poor on the xeric ridges despite
adult survivors near two of the fourtransects, abundant on the upper mesic slopes
where no survivors were noted, and denseat the lodgepole thicket where some
survivors were noted. This patternsuggests that some serotinous trees were present
both in the thicket and near theupper mesic slopes at the time of the 1977 fire.
Most stands with lodgepole pine in Montanainclude a mix of both serotinous and
non-serotinous individuals (Muir and Lotan 1985).Thus the relationship between
seed source and regenerationmay be best described as temporal as wellas spatial.
Density of competing vegetation and the effect ofaerial seeding84
Vegetation on the xeric ridgeswas largely dominated by C. rubescens and 13.
glomerata (chapter 2). D. glomerata occurredin all but 1 plot on these ridges.
Conifer regeneration on the ridgeswas a fifth of that on the mesic upper slopes and
a tenth of that in the lodgepole thicket (Table IV.1).Although historically conifer
density was probably less in the woodlandareas than elsewhere in this area, the
successful establishment of D. glomeratamight have further reduced conifer
establishment on the ridges. However, D.glomerata was in all but 3 of the plots in
the upper mesic slopes, where coniferregeneration was far more successful. This
suggests that the combination of botha harsh site and competing vegetation reduced
conifer regeneration more than either ofthese two conditions did alone.
Differences between pre-1977 and post-fireforests
Stem density in 11 nearby moderate-to-oldage Douglas-fir communities in
1965 (Schuler 1968)was compared with 1980 (Crane et al. 1983) and 1989conifer
regeneration (Tables IV.1 and IV.2).Stands sampled by Schuler (1968)were
dominated by Douglas-fir andwestern larch. Lodgepole pinewas abundant in only
one stand. The low level of lodgepolemay reflect the lack of recent disturbance in
these stands. Since the standswere moderate-to-old age, we would expect densities
of long-lived species in 1980 and 1989to be greater than 1965, to allow for future
mortality. However, because of firesuppression efforts, stand densities in 196585
might have been greater than densities of18th and 19th century forests.In 1989,
sampling was concentrated inareas where conifer regeneration was observed to be
greatest during 1978-1982, so increased densities in 1989when compared to overall
stem densities in 1980 should be expected. Conclusionsmade from these
comparisons were made with these limitations in mind.
For Douglas-fir, regeneration in the 1989samples (1353/ha) was greater than
that seen in 1980 (210/ha). Averagestem density in 1989 was above theaverage
density seen in nearby older stands sampled in1965 (529/ha). Typical stocking
densities range from 185-743 stems/ha(most to least productive sites) for this
species (Hermann and Lavender in USDA 1990).Therefore, regeneration was most
likely great enough to allow forsome future mortality while maintaining adequate
stocking.
The same average density ofwestern larch existed in all three studies. Since
the 1989 sample should reflect optimumregeneration levels, post-1977 levels of this
species were less than expected for perpetuationof a seral species that is long-lived
but facing gradual mortality in the future.
Average lodgepole pine regeneration levels in1989 may be typical for this
area. The relative lack of this species in the 1965 standsreflected its role as a seral
species. Regeneration levelswere extremely variable for this species. Theextreme
density noted in the lodgepole thicket in 1989reflects the importance ofcone
serotiny for this species in post-firerecovery at Pattee Canyon.86
Summary model
Recognizing that site factors, recent disturbancehistory, and long term fire
history are inextricably interrelated (asdescribed above), an approachwas taken that
summarizes the dependence of conifer regenerationon the site-history factor
complex.
The variable,ELEV(elevation), was removed prior to analysis.This
variable repeats information better describedby site history (S1937), as discussed
above in the section 'Site variation'.The variable S1937 was recodedas
WOODLANDandYOUNG(for young forest) so that all threecover types could be
identified.WOODLANDdifferentiates the drier ridges from themesic slopes.
YOUNGdifferentiates the older, pre-burn mesic forest(YOUNG=0) from the
younger mesic preburn forest (YOUNG =1) and is noncommittalon the drier ridges
(YOUNG =0.5).
The principal components analysis ofplots in site-history space revealed
three components which, taken together,accounted for 74% of the variance (40, 23,
and 11% in the first three factors,respectively) in the matrix of 192 plotsx 11
variables representing site and historicalfactors. The final loadings of individual
variables as the varimax-rotated factors isshown in Table IV.3.
The first factor included the variablesYOUNG,DBURN, TASPECT,and
AXIS3 (ordination axis).This factor was interpreted torepresent a gradient in87
stand age, from the older, mature forest in 1937(the upper mesic slopes in 1989)to
the more mesic sites in the lodgepole thicket,which appeared as a young forest in
1937. DBURN was included since the lodgepolethicket was farther from the burn
edge than other sites.Axis 3 ordination scoresmay have been positively correlated
with areas of greater fire severity, whichmight have occurred in the lodgepole
thicket if vegetation was denser thanon the upper mesic slopes. Therefore the
negative correlation of this axis with the firstPCA component referred to theyoung
forest in 1937. Transects in the lodgepole thickethad lower TASPECT values,
hence the negative correlation of this variable withfactor one. This was an artifact
of sampling and not considered ecologicallysignificant.
Factor 2 included the variables WOODLAND,T-M index, AXIS 1
(ordination axis), CARU, and DAGL. Thisfactor represented a topographic-
moisture graddient, from the mesic slopesthat appeared densely forested in 1937,to
the drier ridges, designated woodland in1937. Axis 1 ordinationscores were part
of this factor, since highscores on axis 1 in the ordination represented the xeric
ridges. The two grasseswere only moderately associated with this factor, andwere
moderately associated with factor 1as well.C. rubescens had a ubiquitous
distribution, but D. glomeratapresence was less in the lodgepole thicket than the
other areas.
Factor 3 was most strongly relatedto distance to seed source, highlighting
both the importance of isolated survivortrees and its relative independence from site
and historical factors. Axis 2 (from theordination) was included in this factor, but88
was divided almost equally among factor 1as well. Therefore, this factor was
omitted from the regression models becauseof its low explanatorypower (11%) and
ambiguous interpretation.
Factors 1 and 2 were used as independentvariables in the regression models
for all species. For lodgepole pine andlarch, DSEED was usedas a third variable.
For Douglas-fir, DBURN was used. As describedin the methods section of chapter
3, this variable more accurately describedthe proximity to a seedsource for this
species. The first two principalcomponents were entered, and then entry of either
DSEED or DBURN was tried accordingto the default entry criteria in SPSS/PC+
REGRESSION program (v. 4.0).
Table IV.4 summarizes the regressionmodels. The first two components
were included in all three models. For Douglas-fir, themodel was able to explain
one-half of the variability in the densityof regeneration. Althoughno pattern of
regeneration levels was detected for distanceswithin 90 m of a parent tree, the
inclusion of DBURN in the model suggestedthat the distance to the burn interior
was too great for adequate regeneration. For lodgepolepine, one-third of the
variability in regeneration was explainedby the model. DSEEDwas not included,
confirming the importance of serotinouscones as a seed source at this site. The
model was less successful forwestern larch, explaining only 14% of the variability
in the data set.Therefore measured environmental variableswere not able to
explain regeneration patterns forwestern larch, but were more successful for the
other two species. The low levels oflarch regeneration may partly explain the89
inability of available parameters to describeregeneration patterns. The difficulty of
seedling establishment for this species whencompared to Douglas-fir and lodgepole
pine may also make prediction of regenerationmore difficult for this species.90
Conclusions
Patterns and levels of conifer regenerationat Pattee Canyon twelve years
after a wildfire varied by species.Site factors and historical factorswere most
important for Douglas-fir and lodgepolepine regeneration. Proximity toa seed
source was more important for western larch than theother species.
Douglas-fir regenerationwas moderate on all sites, suggesting that this
species can tolerate harsher conditionsand competition from other speciesbetter
than western larch or lodgepole pine.Large variation in stem density for lodgepole
pine in a pattern controlled by pre-burndensity suggested thatcone serotiny was
important in controlling regenerationfor this species.Western larch regeneration
was moderate only on mesic slopes where survivorswere within 10 m. Its almost
complete absence elsewhere suggestedthat the combination of competitionfrom
other vegetation and harsh site conditionsprevented regeneration.
Since aerially-seeded D. glomerataestablished best on theupper plots where
Douglas-fir and lodgepole pineregeneration was moderate andwestern larch
regeneration was minimal, the impactof this grass specieswas most likely greatest
for western larchon xeric sites.
A regression analysis summarizedthe importance of site factors, historical
factors, and seed availability forDouglas-fir and lodgepole pine.Those parameters
were less able to describe regenerationpatterns for western larch than for the other
species. Regeneration levels ofwestern larch species may have beentoo low to91
discern patterns. Furthermore, the relativelynarrow requirements for successful
seedling establishment of larch whencompared with the other coniferspresent at this
site suggested that environmentalparameters on a scale smaller than used for this
study would be necessary to predictregeneration levels for this species.92
Figure IV.1. Conifer density (stems/ha)as a function of distance to seed source for
three conifer species at Pattee Canyon.Scale along vertical axes varies by species.
Distance to nearest seedsource exceeded 90 m only for Douglas-fir. Each number
along horizontal axis represents 10m (e.g. 10 = 10-19 m, 20 = 20-29 m). Lines
indicate standard error for each distancecategory.
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Table IV.1. Density (saplings and seedlings/ha)by species in Pattee Canyon, for
1989 and 1980. 1980 data from Craneet al. (1983). 1989 averages are given for
"regions" (as defined by ordination) and forthe site as a whole. Number of plots in
each region is in parentheses. Standarddeviation is given below each stem density
in parentheses.Four-letter species acronymsare defined below Table IV.2.
1989 ordination region PSME LAOC PICO PIPO
ridges (n=29) 1207 103
(2691) (310)
mesic slopes (n=45) 4045 114 4455 22
(3653) (321) (7756) (151)
lodgepole thicket (n=119) 370 857 13025 84
(623) (1355) (14362) (381)
1989 site average (n=193) 1353 555 9085 57
1980 site density by species 201 515 3149
(n=187)94
Table IV.2. Density (stems/hectare) for11 moderate-to-old-age Pseudotsuga
menziesii communities in Pattee Canyon,1965. All size-classesare combined.
Data from Schuler (1968).Four-letter species acronymsare defined below.
stand # PSMELAOCPICOPIPOABLATOTAL
7 614 239 853
8 244 179 8 431
34 1124 4 38 1166
38 649 126 45 820
39 266 555 19 840
41 921 277 58 28 1284
42 77 1756 15 1848
43 455 1461 96 2012
44 253 849 645 1747
48 386 628 13 1027
60 825 23 30 26 4 908
1966 529 554 69 24 0.4
AVERAGE
PSME = Pseudotsuga menziesii
LAOC = Larix occidentalis
PIPO = Pinus ponderosa
PICO = Pinus contorta
ABLA = Abies lasiocarpa95
Table IV.3. Rotated factor matrix fromprincipal components analysis of 193 plots
in a space defined by combinations ofenvironmental and historical factors.
Factor 1 Factor 2 Factor 3
YOUNG 0.92 0.00 -0.24
DBURN 0.85 -0.38 -0.18
TASPECT -0.81 0.41 0.19
AXIS 3 0.65 0.22 0.40
WOODLAND -0.18 0.93 0.04
T-M INDEX 0.17 0.92 -0.08
AXIS 1 -0.20 0.82 0.14
DACTYLIS -0.40 0.55 0.29
CALAMAGROSTIS 0.42 -0.43 0.23
DSEED -0.05 0.00 0.79
AXIS 2 0.58 -0.09 -0.63
% OF VARIANCE 40.10 23.10 11.10
INTERPRETATION RECENTTOPOGRAPHYDISTANCE TO
DISTURBANCE SEED SOURCE
HISTORY96
Table IV.4. Results of regression of 2principal component scores and distanceto
seed source on the density of coniferregeneration.
Douglas-fir
0 F OVERALL
R2(adj.)
overall F
Factor 1 -0.12 27.99 0.51 66.30
Factor 2 -0.10 5.54
DBURN -6.3E-04 8.05
constant
western larch
0.46 31.37
Factor 1 -0.06 17.77 0.17 14.37
Factor 2 0.05 15.02
DSEED -0.00 8.98
constant
lodgepole pine
0.20
Factor 1 -0.28 63.57 0.33 47.87
Factor 2 0.20 32.16
constant 0.6197
References
Barrett, J.W. 1966. A record of ponderosapine seed flight.Res. Note PNW-38.
USDA For.Serv., Pacific Northwest For. andRng. Exp. Sta., Portland, OR.
Beals, E.W. 1984. Bray-Curtis ordination:an effective strategy for analysis of
multivariate ecological data. Advances inEcological Research 14:1-55.
Boe, K.N. 1953. Western larch and Douglas-firseed dispersal into clearcuttings.
Res. Note INT-129. USDA For. Serv.,Intermt. For. and Rng. Exp. Sta.,
Odgen, UT.
Boe, K.N. 1956. Regeneration and slashdisposal in lodgepole pine clear cuttings.
Northwest Science 30(1);1-11.
Crane, M., J.R. Habeck, and W.C. Fischer.1983. Early postfire revegetation ina
western Montana Douglas-fir Forest. USDAForest Service Res. Pap. INT-
319. Intermt. For. and Rng. Exp. Sta.,Ogden, UT.
Curtis, J.D. and M.W. Foiles. 1961.Ponderosa pine seed dissemination intogroup
clearcuttings. Journal of Forestry 59:766-767.
Gashwiler, J.S. 1971. Emergence andmortality of Douglas-fir, western hemlock,
and western redcedar seedlings.Forest Science 17(2): 230-237.
Habeck, J.R. 1987. Present-day vegetationin the northern Rocky Mountains.
Annals of the Missouri Botanical Garden74:804-840.
Hatch, C.R. and J.E. Lotan. 1969.Natural regeneration of Douglas-fir incentral
Montana. USDA For. Serv. Res. Note INT-85.
Kessell, Stephen R. 1979. Gradientmodeling: resource and firemanagement.
Springer-Verlag, New York.
McCaughey, W.W., W.C. Schmidt,and R.C. Shearer. 1986. Seed-dispersal
characteristics of conifers in the inlandmountain west.In:Proc. Conifer
Tree Seed in the Inland MountainWest Symposium. USDA For. Ser.Gen
Tech. Rep. INT-203. Ogden, Utah.
McCune, B. 1990. Multivariate analysison the PC-ORD system. Oregon State
University.125 pp.98
Muir, P.S. and J.E. Lotan. 1985. Disturbancehistory and serotiny of Pinus contorta
in western Montana. Ecology 66(5):1658-1668.
Newton, M. 1964. The influence of herbaceousvegetation on coniferous seedling
habitat in old field plantations. Ph.D. Thesis,Oregon State University,
Corvallis, OR.
Norugis, M.J. 1990. Spss/PC+ version4.0 for the IBM PC/XT/AT. SPSS,
Chicago, Illinois, USA.
Okubo, A. and S.A. Levin. 1989. A theoreticalframework for data analysis of wind
dispersal of seeds and pollen. Ecology70(2):329-338.
Petersen, T.D. 1988. Effects of interference fromCalamagrostis rubescens on size
distributions in stands of Pinus ponderosa. J.Appl. Ecol. 25:265-272.
Pfister, R.D., B.L.Kovalchik, S.F.Arno, and R.C. Presby. 1977. Forest habitat
types of Montana. USDA For. Serv. Gen. Tech.Rep. INT-34. Intermt. For.
and Rng. Exp. Sta. Ogden, UT.
Potts, D.F. 1985. Water potential of forest duffand its possible relationship to
regeneration success in the northern RockyMountains. Can J. For. Res.
15:464-468.
Schimdt, W.C. and A.L. Roe. 1976. Ecologyand silviculture of western larch
forests. USDA Tech. Bull. No. 1520.
Schuler, J.H. 1968. The composition anddistribution of Douglas-fir forest
communities in the Pattee Canyonarea, Missoula, Montana. M.A. thesis.
University of Montana.
Seidel, K.W. 1979a. Regeneration in mixedconifer clearcuts in the Cascade Range
and the Blue Mountains of easternOregon. USDA For. Serv. Res. Pap.
PNW-248.
Seidel, K.W. 1979b. Regeneration in mixedconifer shelterwood cuttings in the
Cascade Range of eastern Oregon. USDAFor. Serv. Res. Pap. PNW-264.
Seidel, K.W., J.M. Geist, and G.S.Strickler. 1990. The influence of cattle grazing
and grass seeding on coniferous regenerationafter shelterwood cutting in
eastern Oregon. USDA For. Serv. Res. Pap. PNW-417.99
Tabachnick, B.G. and L.S. Fidell. 1989.Using multivariate statistics. 2nd
edition. Harper & Row, New York.
Tackle, D. 1964. Regenerating lodgepolepine in central Montana following clear
cutting. USDA For. Ser. Res. Note INT-17.Intermt. For. and Rng. Exp.
Sta., Odgen, UT.
USDA Agriculture Handbook 654. 1990.Silvics of North America. Volume 1,
Conifers. USDA For. Serv., Washington,DC.100
CH. V. Conclusions
The primary objective of this studywas to assess community structure and
conifer regeneration aftera severe wildfire which burned a second-growthDouglas-
fir forest in western Montana in 1977.Because the burn was aerially seeded with
grass species, the impact of those grasseson postfire recovery was also examined.
Examination of eight stands at three timesspanning ten years aftera 1977
wildfire showed thatrecovery was characterized by an overall increase incover of
species that were present in the firstpost-fire year, includingan aerially seeded
grass species, Dactylis glomerata. The on-site survivorspecies that dominated
postfire recovery includeda native grass, Calamagrostis rubescens, and theshrubs,
Spiraea betulifolia, Physocarpusmalvaceus, and Amelanchier alnifolia.An earlier
report predicted that D. glomerata woulddisappear from Pattee Canyon in 10-25
years. However, D. glomerata was a majorcomponent of the postfire vegetation in
all years of observation. By 1987, itsspread to two of the eight stands that
apparently escaped seeding in 1977suggested that this speciesmay persist.
It was unlikely that D. glomerata hadan adverse effect on species that resprout
from rhizomes or a rootcrown. The relationship between the abundances ofthe
dominant native grass species, C.rubescens, and D. glomeratawas evaluated to
explore this idea and showed thatD. glomerata was negatively associatedwith C.
rubescens. C. rubescens resprouts fromrhizomes and usually flowers only aftera
fire. A large increase incover of this species between five and tenyears after the101
1977 fire reflected the establishment ofnew seedlings. Competition, rather thana
difference in optimum habitats, likely restrictedthe dominance of D. glomerata to
xeric ridges and upper elevation mesicslopes.
The presence of D. glomeratamay have inhibited species that establish from
seed. Although species richness doubledfrom 1982 to 1987 to 43 species, andthe
number of annual species increased,cover of annuals was minimal, usually only
trace amounts. The presence of D. glomeratamay also have adversely affected
conifer regeneration. On xeric ridges,where D. glomerata coverwas greatest,
regeneration of western larch failed, regenerationof lodgepole pine was minimal,
and Douglas-fir regenerationwas moderate.
Regeneration of western larchwas above trace levels only on one mesicarea
where survivor trees werevery close. Regeneration of lodgepole pine ranged from
minimal on xeric ridges to dense inone mesic area.Serotinous cones were the
likely source of this dense regeneration.Since it is likely that thesevere fire of
1977 created the conditions under whichwestern larch most successfully regenerates
(bare mineral soil with little competingvegetation), it is probable that the seeding of
D. glomerata affected this speciesmore than any other. Douglas-fir regeneration
was low in only one mesic area whereno survivor trees were noted and where
lodgepole regenerationwas dense. Regeneration of Douglas-firwas moderate on
both mesic and xeric areas where survivortrees were located, suggesting that seed
availability may be more important sitefactors for this species.102
Large-scale environmental parameters from1989 were also used to describe
patterns of postfire vegetativerecovery.Site factors as summarized ina
topographic-moisture index and site historyinterpreted from aerial photographswere
the variables most strongly correlatedwith vegetative patterns. Areas thatwere
woodland in 1937 occurredon ridges and were associated with D. glomerata in
1989. Areas that appearedas a young, dense forest in 1937 were correlated withP.
contorta, Amelanchier alnifolia andwere associated with most larch regeneration in
1989. Areas that appearedas an uneven-sized forest in 1937 were correlated with
P. menziesii, Spiraea betulifolia, andD. glomerata in 1989. Thecorrespondence of
1937 cover types to 1989 vegetationreflected both recent fire history (youngvs.
mature forests) and long-term fire frequency(dry woodlands with frequent ground
fire vs. mesic forests with infrequent,more destructive fires).
These site and historical factors, plusproximity to a seed source, appearedto
control regeneration of Douglas-firand lodgepole pine toa greater degree than that
of western larch. Information aboutthe microclimate of each larch seedor seedling
may be necessary to better describe thepattern of regeneration for this species.
The results of this study suggest thataerial seeding of alien perennialson
recent burns may have substantial impactson conifer regeneration and stand
dynamics. These resultsare not conclusive but call for future field studieson the
impact of seeding alien perennialson post-fire succession in forests. The expansion
of C. rubescens in particularsuggests that native species are under-utilizedin forest
rehabilitation measures.103
Bibliography
Agee, J.K. 1981. Fire effectson Pacific Northwest forests:flora, fuels, and fauna.
Conf. Proc. Northwest Fire Council. Portland,OR.
Agee, J.K. and M.H. Huff. 1987. Fuel successionin a western hemlock/Douglas-
fir forest. Can. J.For. Res. 17:697-704.
Arno, S.F. 1980. Forest fire history in theNorthern Rockies. Journal of Forestry
78(8):406-465.
Arno, S.F., D.G. Simmerman, and R.E.Keane. 1985. Forest successionon four
habitat types in western Montana. USDAFor. Ser. Gen. Tech. Rep. INT-
177.
Austin, M.P. 1977. Use of ordination andother multivariate descriptive methodsto
study succession. Vegetatio 35(3):165-175.
Barrett, J.W. 1966. A record of ponderosa pineseed flight. USDA For.Serv. Res.
Note PNW-38.
Barrett, S.W. 1980. Indian fires in thepre-settlement forests of western Montana.
Proc. Fire History Workshop. Tucson,Arizona.
Barro, S.C. and S.G. Conard. 1987. Use ofryegrass seedling as an emergency
revegetation measure in chaparralecosystems. USDA For. Serv. Gen. Tech.
Rep. PSW-102.
Beals, E.W. 1984. Bray-Curtis ordination:an effective strategy for analysis of
multivariate ecological data. Advances inEcological Research 14:1-55.
Boe, K.N. 1953. Western larch and Douglas-firseed dispersal into clearcuttings.
USDA For. Serv. Res. Note INT-129.
Boe, K.N. 1956. Regeneration and slashdisposal in lodgepole pine clear cuttings.
Northwest Science 30(1);1-11.
Connell, J.H. and R.O. Slatyer. 1977.Mechanisms of succession in natural
communities and their role in communitystability anbd organization. Am.
Nat. 111:1119-1144.104
Corbett, E.S. and L.R. Green. 1965. Emergencyrevegetation to rehabilitate burned
watersheds in southern California. USDA For.Serv. Res. Pap. PSW-22.
Crane, M.F. and J.R. Habeck.1982. Vegetativeresponses after a severe wildfire on
a Douglas-fir/ninebark habitat type.In: Proc. of Symposium on Site
Preparation and Fuels Managementon Steep Terrain. Baumgartner, D.M.
(ed.) Washington State University CooperativeExtension, Pullman, WA.
Crane, M.F., J.R. Habeck, and W.C. Fischer.1983. Early postfire revegetation in
a western Montana Douglas-fir Forest. USDA Forest ServiceRes. Pap. INT-
319.
Curtis, J.D. and M.W. Foiles. 1961.Ponderosa pine seed dissemination intogroup
clearcuttings. Journal of Forestry 59:766-767.
Dyrness, C.T. 1973. Early stages of plant successionfollowing logging and burning
in the western Cascades of Oregon. Ecology54(1):57-69.
Egler, F.E. 1954. Vegetation scienceconcepts. I. Initial floristic composition,a
factor in old-field vegetation development.Vegetatio 4:412-417.
Fasham, M.J.R. 1977. A comparison ofnonmetric multidimensional scaling,
principal components and reciprocal averagingfor the ordination of simulated
coenoclines, and coenoplanes. Ecology 58:551-561.
Fischer, W.C. and Bradley, A.F. 1987. Fireecology of western Montana forest
habitat types. USDA For. Serv. Gen. Tech.Rep. INT-223.
Gashwiler, J.S. 1971. Emergence andmortality of Douglas-fir, western hemlock,
and western redcedar seedlings. ForestScience 17(2): 230-237.
Gautier, C.R. 1982. The effects ofryegrass on erosion and natural vegetation
recovery after fire.In: proc. Symp. on Dynamics andManagement of
Mediterranean-type ecosystems. USDA For. Serv.Gen. Tech. Rep. PSW-58.
Geier-Hayes, K. 1989. Vegetationresponse to helicopter logging and broadcast
burning in Douglas-fir habitat typesat Silver Creek, central Idaho. USDA
Forest Service Res. Pap. INT-405.
Gill, A.M. 1981. Fire adaptive traitsof vascular plants.In: Proceedings of the
Conf. Fire Regimes and EcosystemsProperties. Mooney, H.A.,
Bonnicksen, T.M., Christensen, N.L.,Lotan, J.E., and Reiners, W.A. (tech.
coord.). USDA For. Serv. Gen. Tech.Rep. WO-26.105
Gratkowski, H.J. 1962. Heatas a factor in germination of seeds of Ceanothus
velutinus var. laevigatus T. & G. Corvallis,OR: Oregon State University.
Ph.D. thesis.
Greig-Smith, P. 1983. Quantitative PlantEcology, 3rd ed. University of
California Press, Berkeley, CA.
Habeck, J.R. 1987. Present-day vegetationin the northern Rocky Mountains.
Annals of the Missouri Botanical Garden74:804-840.
Habeck, J.R. 1990. Old-growth ponderosapine-western larch forests in western
Montana: ecology and management. TheNorthwest Environmental Journal
6(2): 271-292.
Halpern, Charles B. 1988. Early successionalpathways and the resistance and
resilience of forest communities. Ecology69(6):1703-1715.
Hatch, C.R. and J.E. Lotan. 1969. Naturalregeneration of Douglas-fir in central
Montana. USDA For. Serv. Res. Note INT-85.
Heinselman, M.L. 1978. Fire in wildernessecosystems.In: Wilderness
Management. Hendee, J.C., Stankey, G.H., andLucas, R.C. (eds.) USDA
For. Serv. Misc. Pub. 1365. Washington,D.C.
Keeley, S.C., Keeley, J.E., and S.M.Hutchinson. 1981. Postfire succession of the
herbaceous flora in southern Californiachaparral. Ecology 62(6):1608-1621.
Kessell, Stephen R. 1979. Gradient modeling:resource and fire management.
Springer-Verlag, New York.
Kilgore, B.M. 1981. Fire inecosystem distribution and structure: western forests
and scrublands. In: Mooney, H.A., T.M.Bonnicksen, N.L. Christensen,
J.E. Lotan, and W.A. Reiners (Tech.Coords.). Fire regimes and ecosystem
properties. USDA Gen. Tech. Rep.WO-26.
Kruskal, J.B. 1964. Multidimensionalscaling by optimizing goodness of fitto a
nonmetric hypothesis. Psychometrika29:115-129.
Lyon, L.J. 1976. Vegetal developmenton the Sleeping Child burn in western
Montana, 1961 to 1973. USDA For.Serv. Res. Pap. INT-184.
Lyon, L.J., and P.F. Stickney. 1976. Earlyvegetal succession following large
northern Rocky Mountain wildfires.IN: Proc. Tall Timbers Fire Ecology106
Conference No. 14 and Intermountain FireResearch Council, Fire and Land
Management Symposium. pp. 355-375.
Mather,P.M.1976. Computational methods of multivariateanalysis in physical
geography. J Wiley & Sons, London. 532pp.
McCaughey, W.W., W.C. Schmidt, and R.C. Shearer.1986. Seed-dispersal
characteristics of conifers in the inland mountainwest.In: Proc. Conifer
Tree Seed in the Inland Mountain West Symposium.USDA For. Ser. Gen
Tech. Rep. INT-203.
McCune, B. 1990. Multivariate analysison the PC-ORD system. Oregon State
University.125 pp.
McCune, B. 1983. Fire frequency reducedtwo orders of magnitude in the Bitterroot
Canyons, Montana. Canadian Journal of Forest Research13:212-218.
Mobley, R. and P. Doescher. 1988. Grass seedingafter fire. In: Forestry Intensified
Research Report 9(4):9-10. Oregon State UniveristyExtension Service,
Corvallis, OR.
Muir, P.S. and J.E. Lotan. 1985. Disturbancehistory and serotiny of Pinus contorta
in western Montana. Ecology 66(5): 1658-1668.
Newton, M. 1964. The influence of herbaceous vegetationon coniferous seedling
habitat in old field plantations. Ph.D. Thesis,Oregon State University,
Corvallis, OR.
Nonigis, M.J. 1990. SPSS/PC+ version 4.0 forthe IBM PC/XT/AT. SPSS,
Chicago, Illinois, USA.
Okubo, A. and S.A. Levin. 1989. A theoretical frameworkfor data analysis of wind
dispersal of seeds and pollen. Ecology 70(2):329-338.
Peet, R.K. 1988. Forest of the Rocky MountainsIn: North American Terrestrial
Vegetation. eds. Barbour, M.G. and Billings,W.D. Cambridge University
Press, Cambridge, UK.
Petersen, T.D. 1988. Effects of interference fromCalamagrostis rubescens on size
distributions in stands of Pinus ponderosa. J.Appl. Ecol. 25:265-272.
Pfister, R.D., B.L. Kovalchik, S.F. Arno, R.C.Presby. 1977. Forest habitat types
of Montana. USDA For. Ser. Gen. Tech.Rep. INT-34.107
Potts, D.F. 1985. Water potential of forest duffand its possible relationship to
regeneration success in the northern Rocky Mountains.Can J. For. Res.
15:464-468.
Schimdt, W.C. and A.L. Roe. 1976. Ecologyand silviculture of western larch
forests. USDA Tech. Bull. No. 1520.
Schuler, J.H. 1968. The composition and distributionof Douglas-fir forest
communities in the Pattee Canyonarea, Missoula, Montana. M.A. thesis.
University of Montana.
Seidel, K.W. 1979a. Regeneration in mixedconifer clearcuts in the Cascade Range
and the Blue Mountains of eastern Oregon.USDA For. Serv. Res. Pap.
PNW -248.
Seidel, K.W. 1979b. Regeneration in mixedconifer shelterwood cuttings in the
Cascade Range of eastern Oregon. USDA For.Serv. Res. Pap. PNW-264.
Seidel, K.W., J.M. Geist, and G.S. Strickler.1990. The influence of cattle grazing
and grass seeding on coniferous regenerationafter shelterwood cutting in
eastern Oregon. USDA For. Serv. Res. Pap. PNW-417.
Sousa, W.P. 1984. The role of disturbance innatural communities. Annual Review
of Ecological Systems 15:353-91.
Stickney, Peter F. 1990. Early developmentof vegetation following holocaustic fire
in northern Rocky Mountain forest.Northwest Science 64(5): 243-246.
Stickney, P.F. 1980. Data base for post-firesuccession, first 609 years, in Montana
larch-fir forests. USDA For. Ser. Gen.Tech. Rep. INT-62.
Tabachnick, B.G. and L.S. Fidell. 1989. Usingmultivariate statistics. 2nd
edition. Harper & Row, New York.
Tackle, D. 1964. Regenerating lodgepolepine in central Montana following clear
cutting. USDA For. Ser. Res. Note INT-17.
Tiedemann, A.R. and G.O. Klock. 1976.Development of vegetation after fire,
seeding, and fertilizationon the Entiat Experimental Forest. In: Proc. Tall
Timbers Fire Ecology Conference. Tallahassee,FL.
USDA Agriculture Handbook 654. 1990.Silvics of North America. Vol. 1,
Conifers. USDA For. Serv., Washington,DC.108
USDA Forest Service, Pacific NorthwestRegion. 1988. Silver Fire Recovery
Project, Siskiyou National Forest, FinalEnvironmental Impact Statement.
Wright, H.A., and A.W. Bailey. 1982.Fire ecology: United States and southern
Canada. Wiley & Sons, New York.
Zar, J.H. 1974. Biostatistical Analysis.Prentice-Hall, Englewood, NJ.
Zed ler, P.H., Gautier, C.R., and G.S.McMaster. 1983. Vegetation change in
response to extreme events: the effect ofa short interval between fires in
California chaparral and coastal shrub.Ecology 64(4):809-818.
Zimmerman, G.M., H. Goetz, and P.W.Mielke, Jr. 1985. Use ofan improved
statistical method forgroup comparisons to study effects of prairie fire.
Ecology 66:606-611.AppendicesAppendix I.Data used in Chapter 2.Plot averages for cover estimates for eighttransects followed from 1979-1987 at Pattee Canyon.For years 1979 and 1982, cover of eachspecies was recorded to the nearest percent in each plot and then averaged foreach transects.For the year 1987, cover class estimateswere recorded for each species in each plot.The midpoint of each cover classwas used for stand averages. Species names are given below.Names are numbered to correspond with orderas they appear in the data table.
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06 Arabis holboellii(?)
07 Arnica cordifolia
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15 Clematis columbiana
16 Dactylis glomerata
17 Disporum trachycarpum
18 Epilobium angustifolium
19 Epilobium paniculatum
20 Festuca idahoensis
21 Filago arvensis
22 Fragaria vesca
23 Fragaria virginiana
24 Gentiana amerella
25 Hiercium sp.
26 Hiercium albiflorum
27 Juncus sp.
28 Larix occidentalis
29 Linnaea borealis
30 Lupinus sp.
31 Montia perfoliate
32 Physocarpus malvaceus
33 Pinus contorta
34 Pinus ponderosa
35 Pyrola seconda
36 Ribes viscosissimum
37 Rosa sp.
38 Spiraea betulifolia39 Stellaria sp.
40 Symphoricarpos albus
41 Taraxacum officinalis
42 Thalictrum occidentals
43 Vaccinium globulare
44 Verbascum thapsus
45 Viola sp.
46 Bromus inermis
47 Festuca arundinacea
48 Festuca occidentalis
49 Astragalus miser
50 Lactuca serriola
51 Poaceae species
52 Pseudotsuga menziesii
53 Agropyron spicatum
54 Acer glabrousAppendix II. Data for chapters 3 and 4.Cover class estimates for all species noted inPattee Canyon in 1989.Species names are given below.Names are numbered to correspond with orderas they appear in the data table.Cover class estimates were recorded for allshrub species and grass species.Forbs were placed into one category.Cover class designations were:T=0-1%, 1=1-5%, 2=5-15%, 3=15-25%,4=25-50%, 5=50-75%, 6=75-95%, 7=95-100%.
1 .003.00 .00 .002.001.00 .002.00 .00 .00 .00 .00 1.00 .00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 .003.003.00
2 .002.001.00 .003.001.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00 .00 .001.00 .00 .00 .00 .00 .00 .003.00
3 .001.001.00 .002.002.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .002.00 .00 .001.00 .00 .00 .00 .00 .00 .003.00
4 .001.00 .00 .003.001.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .002.00 .00 .002.00 .00 .002.00 .00 .001.003.00
5 .001.00 .00 .002.001.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .001.00 .00 .003.00 .00 .00 .00 .00 .001.003.00
6 2.003.00 .00 .00 .00 .00 .00 .002.00 .00 .00 .00 .00 .003.00 .00 .00 .00 .00 .004.00 .00 .00 .00 .00 .003.00
7 1.002.00 .00 .00 .00 .002.001.003.00 .00 .00 .00 .002.004.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .001.00
8 1.003.00 .00 .00 .00 .001.00 .002.00 .00 .00 .00 .001.004.002.001.00 .00 .00 .00 .00 .002.00 .00 .00 .002.00
9 1.002.00 .00 .001.00 .001.00 .003.00 .00 .00 .00 1.001.001.00 .001.00 .00 .00 .00 .001.001.00 .00 .00 .003.00
10 2.004.00 .00 .00 .00 .001.001.003.00 .00 .00 .00 2.001.002.002.001.00 .00 .00 .00 .001.002.00 .00 .00 .00 .00
11 1.005.00 .00 .00 .00 .001.00 .002.00 .00 .00 .00 .00 .003.00 .00 .00 .00 .00 .00 .002.003.00 .00 .00 .002.00
12 1.003.00 .00 .00 .00 .00 .001.003.00 .00 .00 .00 I-. .002.003.00 .001.001.00 .00 .00 .002.00 .00 .00
-P..00 .002.00
13 2.004.00 .00 .00 .00 .001.002.003.00 .00 .001.00 .002.003.00 .001.00 .00 .00 .00 .001.001.00 .00 .00 .00 .00
14 2.002.00 .00 .00 .00 .00 .00 .006.00 .00 .00 .00 1.00 .003.00 .00 .00 .00 .00 .00 .002.003.00 .00 .00 .002.00
15 .003.00 .00 .00 .00 .001.00 .004.00 .00 .00 .00 2.00 .003.00 .001.00 .001.00 .00 .00 .002.00 .00
.00 .002.00
16 1.003.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 .00 .003.00 .001.001.00 .00 .00 .00 .00 .00 .00 .00 .002.00
17 .003.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 1.00 .003.00 .001.001.00 .00 .00 .00 .00 .00 .00
.00 .003.00
18 .003.00 .00 .00 .00 .001.001.002.00 .00 .002.00 2.001.003.00 .001.00 .00 .00 .00 .00 .003.00 .00 .00 .002.00
19 .004.00 .00 .00 .00 .00 .001.002.00 .00 .003.00 1.002.002.001.001.001.00 .00 .00 .00 .00 .00 .00
.00 .002.00
20 .003.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 1.002.003.00 .001.00 .00 .00 .00 .00 .001.00 .00 .00 .002.00
21 .002.00 .00 .001.00 .001.00 .005.00 .00 .00 .00 1.001.003.002.002.00 .001.00 .00 .00 .001.00 .00
.00 .002.00
22 .004.00 .00 .00 .00 .001.00 .003.00 .00 .00 .00 1.00 .002.003.002.00 .00 .00 .00 .00 .002.00 .00 .00 .002.00
23 .004.00 .00 .00 .00 .00 .00 .003.00 .00 .00 .00 1.00 .003.00 .002.00 .00 .00 .00 .00 .003.00 .00 .00 .002.00
24 .003.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 1.00 .003.00 .001.00 .00 .00 .00 .00 .003.00 .00 .00 .002.00
25 .003.00 .00 .00 .00 .001.001.005.00 .00 .00 .00 1.002.004.00 .001.00 .001.00 .00 .00 .00 .00 .00 .00 .002.00
26 .00 .00 .00 .00 .00 .001.00 .004.00 .00 .00 .00 .001.004.003.00 .00 .00 .00 .00 .00 .002.00 .00.00 .00 .00
27 .003.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 1.00 .003.002.002.00 .00 .00 .00 .002.002.00 .00 .00 .003.00
28 .003.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 1.00 .003.001.002.00 .00 .00 .00 .00 .002.00 .00
.00 .002.00
29 1.005.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 2.00 .003.00 .001.00 .001.00 .00 .001.003.00 .00 1.00 .003.00
30 .006.00 .00 .00 .00 .00 .00 .003.00 .00 .002.00 2.00 .002.00 .001.00 .001.00 .00 .001.00 .00 .00 .00 .002.00
31 .002.00 .00 .002.00 .00 .001.00 .00 .00 .00 .00 .002.002.00 .00 .00 .00 .00 .00 .001.00 .00 .00
.00 .003.00
32 2.002.00 .00 .001.00 .001.002.001.00 .001.00 .00
.002.00 .00 .001.00 .00 .00 .00 .003.00 .00 .00 .001.002.00
33 2.002.00 .00 .001.00 .001.003.001.00 .00 .00 .00 2.00 .00 .00 .001.00 .00 .00 .00 .002.00 .00 .00
.001.002.00
34 3.002.00 .00 .001.00 .00 .003.001.00 .00 .00 .00 1.00 .00 .00 .001.00 .00 .00 .00 .002.00 .00 .00 .002.001.00
35 2.003.00 .00 .001.00 .00 .002.00 .00 .00 .00 .00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
36 2.004.00 .00 .00 .00 .001.00 .00 .00 .00 .00 .00 1.003.002.00 .00 .00 .001.00 .00 .00 .00 .00 .00 .001.002.00
37 2.002.00 .00 .001.00 .00 .002.002.00 .00 .00 .00 3.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
38 1.003.00 .00 .00 .00 .001.00 .002.00 .00 .00 .00 2.00 .004.00 .001.00 .001.00 .002.002.00 .00 .00 .00 .001.00
39 .004.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 3.001.002.00 .001.00 .00 .00 .00 .001.00 .00 .00 .002.002.00
40 .003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 2.003.002.00 .001.00 .00 .00 .00 .00 .00 .00 .00.001.003.00
41 .005.00 .00 .00 .00 .001.00 .002.00 .00 .00 .00 2.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00
42 2.004.00 .00 .00 .00 .001.00 .002.002.00 .00 .00 .00 .003.00 .001.00 .002.00 .00 .00 .00 .00 .00 .00 .003.00
43 .005.00 .00 .002.00 .001.00 .00 .00 .00 .00 .00 1.00 .003.00 .001.00 .001.00 .00 .00 .00 .00 .00 .001.003.00
44 .004.00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00 2.002.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.003.00
45 .004.00 .00 .002.00 .001.00 .00 .001.00 .00 .00 1.00 .00 .00 .001.00 .001.00 .00 .00 .00 .00 .00 .00 .004.00
46 1.004.00 .00 .003.00 .001.00 .00 .00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
47 .003.001.00 .003.00 .001.00 .00 .00 .00 .001.00 1.00 .00 .00 .001.00 .001.00 .00 .00 .00 .00 .00 .001.003.00
48 1.004.00 .00 .002.00 .001.00 .00 .00 .00 .00 .00 1.001.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.001.003.00
49 .003.00 .00 .001.00 .00 .00 .001.00 .00 .001.00 2.002.003.00 .001.00 .00 .00 .00 .00 .00 .00 .00
.002.003.00
50 .003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 3.00 .004.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
51 2.004.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 2.00 .004.00 .001.00 .00 .00 .00 .00 .00 .00 .00
.001.002.00
52 .001.00 .00 .002.00 .00 .00 .001.00 .00 .00 .00 1.002.003.00 .001.00 .00 .00 .00 .00 .00 .00 .00
.002.002.00
53 1.003.00 .00 .001.00 .00 .00 .001.001.00 .00 .00 4.001.004.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.001.002.00
54 1.004.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00 .00 .00.001.002.00
55 2.005.00 .00 .001.00 .00 .003.00 .00 .00 .00 .00 .00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
56 .003.00 .00 .001.00 .00 .005.00 .00 .00 .00 .00 .00 .002.00 .001.00 .001.00 .00 .00 .00 .00 .00 .001.002.00
57 .004.00 .00 .002.00 .00 .004.00 .00 .00 .00 .00 .001.003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
58 2.003.00 .00 .00 .00 .00 .004.001.00 .00 .001.00 2.001.003.00 .00 .00 .001.00 .00 .00 .00 .00 .00 .002.001.00
59 .005.00 .00 .001.00 .00 .002.001.00 .00 .002.00 1.00..002.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00
60 .006.00 .00 .001.001.00 .00 .002.00 .00 .002.00 1.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.003.00
61 .005.00 .00 .001.00 .00 .00 .002.00 .00 .001.00 2.00 .002.00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .002.00
62 1.005.00 .00 .001.00 .00 .00 .002.00 .00 .002.00 1.00 .002.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
63 1.004.00 .00 .002.00 .001.00 .003.00 .00 .003.00 .001.002.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00
64 .004.00 .00 .00 .00 .002.00 .003.00 .00 .003.00 .00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.003.00
65 2.003.00 .00 .002.00 .00 .00 .001.00 .00 .001.00 2.00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
66 .004.00 .00 .002.00 .00 .00 .002.00 .00 .00 .00 1.00 .003.00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .002.00
67 .005.00 .00 .003.00 .00 .00 .002.00 .00 .00 .00 1.00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
68 1.005.00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00 1.00 .001.00 .002.00 .00 .00 .00 .00 .00 .00 .00.00 .003.00
69 .005.00 .00 .002.00 .00 .00 .002.00 .00 .00 .00 .00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00
70 .005.00 .00 .002.00 .00 .00 .002.00 .00 .00 .00 1.00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.003.00
71 2.003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 2.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00
72 .004.00 .00 .002.00 .00 .003.00 .00 .00 .00 .00 1.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00
73 .004.00 .00 .00 .00 .00 .001.001.00 .00 .00 .00 2.00 .003.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00
74 .003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 2.00 .004.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .002.00
75 .004.00 .00 .00 .00 .002.003.002.00 .00 .00 .00 .002.002.00 .001.00 .00 .00 .00 .001.00 .00 .00 .00 .002.00
76 2.005.00 .00 .00 .00 .002.003.003.00 .00 .00 .00 .00 .002.00 .001.00 .001.00 .00 .00 .00 .00 .00 .00'.001.00
77 1.004.00 .00 .00 .00 .001.00 .001.00 .00 .002.00 .002.003.00 .002.00 .001.00 .00 .00 .00 .00 .00 .001.002.00
78 .005.00 .00 .00 .00 .001.00 .003.001.00 .00 .00
.002.003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .004.00
79 3.004.00 .00 .001.00 .001.00 .003.00 .00 .00 .00 .002.002.00 .00 .00 .00 .00 .00 .001.00 .00 .00 .001.003.00
80 2.005.00 .00 .00 .00 .00 .00 .002.00 .00 .00 .00 1.00 .003.00 .001.00 .00 .00 .00 .002.00 .00 .00 .00 .003.00
81 .005.00 .00 .00 .00 .001.003.003.00 .00 .00 .00
.00 .003.00 .001.00 .001.00 .00 .003.00 .00 .00 .00 .003.00
82 2.005.00 .00 .00 .00 .001.00 .003.00 .00 .00 .00 2.001.004.00 .001.00 .00 .00 .00 .00 .001.00 .00.00 .003.00
83 .005.00 .00 .00 .00 .001.00 .004.00 .00 .00 .00 1.00 .004.00 .001.00 .001.00 .00 .002.00 .00 .00
.00 .004.00
84 .003.00 .00 .00 .00 .001.00 .004.00 .00 .00 .00 2.00 .004.00 .001.00 .001.00 .00 .001.00 .00 .00 .00 .005.00
85 .004.00 .00 .00 .00 .001.00 .004.00 .00 .00 .00 3.00 .003.00 .001.00 .001.00 .00 .00 .003.00 .00
.00 .003.00
86 .005.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00 2.00 .004.00 .001.00 .00 .00 .00 .002.00 .00 .00 .00 .003.00
87 .005.00 .00 .00 .00 .001.002.005.00 .00 .00 .00 3.00 .003.00 .00 .00 .001.00 .00 .001.00 .00 .00
.00 .003.00
88 .003.00 .00 .001.00 .001.00 .004.00 .00 .00 .00 3.001.003.00 .002.00 .001.00 .00 .002.00 .00 .00 1.002.00 .00
89 .003.00 .00 .00 .00 .001.00 .006.00 .00 .002.00 2.00 .004.00 .002.00 .00 .00 .00 .002.002.00 .00
.002.002.00
90 .003.00 .00 .00 .00 .00 .00 .006.00 .00 .001.00 3.00 .005.001.002.00 .00 .00 .00 .00 .001.00 .00 .00 .001.00
91 .003.00 .00 .00 .00 .001.00 .006.00 .00 .00 .00 2.00 .005.001.002.00 .00 .00 .00 .00 .00 .00 .00
.00 .002.00
92 .005.00 .00 .001.00 .00 .00 .005.00 .00 .00 .00 3.001.004.00 .002.00 .001.00 .00 .00 .00 .00 .00 .002.003.00
93 .004.00 .00 .001.00 .00 .00 .005.00 .00 .00 .00
3.001.002.00 .003.00 .00 .00 .00 .002.00 .00 .00
.001.003.00
94 .004.00 .00 .00 .00 .00 .00 .004.00 .00 .00 .00
2.00 .004.00 .002.00 .001.00 .00 .00 .00 .00 .00
.00 .003.00
95 .004.00 .00 .001.00 .001.00 .004.00 .00 .00 .00 2.002.003.00 .002.00 .001.00 .00 .00 .002.00 .00 .00 .001.00
96 .006.00 .00 .00 .00 .002.00 .003.00 .00 .00 .00 2.003.003.00 .002.00 .00 .00 .00 .001.00 .00 .00 tN).00 .002.00
97 .005.00 .00 .00 .00 .001.00 .004.00 .00 .001.00 2.00 .003.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .002.00
98 .006.00 .00 .00 .00 .001.00 .004.00 .00 .002.00 2.00 .003.00 .002.00 .001.00 .00 .00 .002.00 .00 .00 .003.00
99 .005.00 .00 .00 .00 .002.002.004.00 .00 .00 .00 1.00 .004.00 .001.00 .001.00 .00 .00 .00 .00 .00 .00 .002.00
100 1.005.00 .00 .001.00 .001.003.004.00 .00 .00 .00 2.00 .003.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00
101 .005.00 .00 .00 .00 .001.00 .004.00 .00 .00 .00 3.00 .003.002.001.00 .001.00 .00 .00 .003.00 .00 .00 .003.00
102 2.005.00 .00 .00 .00 .001.00 .003.00 .00 .002.00 2.00 .003.002.002.00 .00 .00 .00 .00 .002.00 .00 .00 .003.00
103 .005.00 .00 .002.00 .00 .00 .004.00 .00 .00 .00 3.00 .004.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00
104 .004.00 .00 .001.00 .002.00 .004.00 .00 .00 .00 2.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00
105 .005.00 .00 .001.00 .00 .002.004.00 .00 .003.00 2.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.003.00
106 .005.00 .00 .002.00 .00 .00 .003.00 .00 .00 .00 3.00 .002.00 .002.00 .001.00 .00 .002.00 .00 .00 .001.003.00
107 .005.00 .00 .001.00 .002.00 .004.00 .00 .002.00 2.00 .003.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .001.003.00
108 1.004.00 .00 .001.00 .00 .002.003.00 .00 .002.00 2.002.003.00 .002.00 .001.00 .00 .00 .00 .00 .00 .00 .003.00
109 2.004.00 .00 .001.00 .00 .004.004.00 .00 .00 .00 1.00 .002.00 .003.00 .00 .00 .00 .00 .00 .00 .00 .001.002.00
110 .004.00 .00 .001.00 .00 .003.003.001.00 .002.00 1.00 .003.00 .003.00 .001.00 .00 .001.00 .00 .00.00 .003.00
111 2.004.00 .00 .002.00 .00 .00 .003.00 .00 .002.00 2.00 .003.00 .003.00 .001.00 .00 .002.00 .00 .00
.00 .003.00
112 .003.00 .00 .00 .00 .002.00 .002.00 .00 .00 .00 1.002.002.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.002.002.00
113 2.003.00 .00 .00 .00 .001.001.003.00 .00 .00 .00
.003.003.00 .001.00 .001.00 .00 .002.00 .00 .00
.00 .003.00
114 3.003.00 .00 .00 .00 .001.00 .003.00 .00 .00 .00
.001.005.00 .001.00 .00 .00 .00 .00 .00 .00 .00
.00 .001.00
115 .004.00 .00 .002.00 .001.001.001.001.00 .00 .00 1.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .002.003.00
116 .002.00 .002.002.00 .00 .001.00 .00 .00 .00 .00 1.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .002.003.00
117 2.003.00 .00 .002.00 .001.00 .00 .00 .00 .00 .00
.00 .002.00 .00 .00 .00 .00 .00 .001.00 .00 .00
.002.003.00
118 2.006.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00
.00 .003.00 .001.00 .00 .00 .00 .002.00 .00 .00
.00 .002.00
119 2.005.00 .001.00 .00 .00 .00 .001.00 .00 .00 .00
.00 .002.00 .001.00 .001.00 .00 .001.00 .00 .00
.00 .005.00
120 1.003.00 .00 .00 .00 .001.00 .002.00 .00 .00 .00
.00 .003.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .00 .003.00
121 1.004.00 .00 .001.00 .00 .00 .001.00 .00 .00 .00
.002.003.00 .001.00 .001.00 .00 .00 .00 .00 .00
.001.002.00
122 3.003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 1.00 .002.00 .001.001.001.00 .00 .00 .00 .00 .00
.00 .004.00
123 .002.00 .00 .002.00 .00 .002.00 .00 .00 .00 .00 2.00 .002.00 .002.00 .001.00 .00 .002.00 .00 .00
.00 .003.00
124 .003.00 .00 .001.00 .00 .005.00 .001.00 .00 .00
.00 .004.00 .003.00 .00 .00 .00 .00 .00 .00 .00.00 .003.00
125 .003.00 .00 .001.00 .00 .001.002.00 .00 .00 .00 3.00 .001.001.00 .00 .002.00 .00 .002.002.00 .00
.003.003.00
126 .002.00 .00 .002.00 .00 .00 .005.00 .00 .00 .00 2.00 .001.001.00 .00 .002.00 .00 .003.003.00 .00 .002.002.00
127 .002.00 .00 .001.00 .00 .00 .003.00 .00 .00 .00 2.00 .00 .00 .00 .00 .002.00 .00 .002.00 .00 .00
.002.003.00
128 .002.00 .00 .002.00 .001.001.004.00 .00 .00 .00 1.00 .002.002.00 .00 .002.00 .00 .003.003.00 .00 .002.00 .00
129 .005.00 .00 .00 .00 .001.00 .005.00 .00 .00 .00 .00 .003.00 .002.00 .002.00 .00 .00 .00 .00 .00
.00 .002.00
130 .002.00 .00 .002.00 .00 .00 .004.00 .00 .00 .00 2.00 .002.00 .00 .00 .001.00 .00 .00 .00 .00 .00 .001.003.00
131 .002.00 .00 .002.001.00 .00 .003.001.00 .00 .00 1.00 .002.00 .00 .00 .002.00 .00 .00 .003.001.00
.002.003.00
132 .003.00 .00 .001.00 .00 .002.002.00 .00 .00 .00 2.00 .004.00 .002.00 .002.00 .00 .00 .003.001.00 .00 .003.00
133 .004.00 .00 .001.00 .00 .00 .003.00 .00 .00 .00 3.002.001.00 .00 .00 .001.00 .00 .003.00 .001.00
.001.002.00
134 .002.00 .00 .001.00 .001.00 .001.00 .00 .00 .00 4.00 .002.00 .001.00 .001.00 .00 .00 .00 .00 .00
.001.00 .00
135 .002.00 .00 .002.00 .00 .00 .002.00 .00 .00 .00 2.00 .003.00 .002.00 .002.00 .00 .00 .00 .00 .00
.001.003.00
136 .003.00 .00 .002.00 .001.00 .002.00 .00 .00 .00 2.00 .003.00 .00 .00 .001.00 .00 .00 .001.00 .00
.002.002.00
137 .003.00 .00 .001.00 .00 .00 .001.00 .00 .00 .00 1.002.004.00 .002.00 .001.00 .00 .00 .003.00 .00
.001.003.00
138 .003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00 3.00 .002.00 .00 .00 .002.00 .00 .003.00 .001.00.003.002.00
139 2.004.00 .00 .001.00 .00 .00 .001.00 .00 .00 .00 2.002.002.00 .00 .00 .001.00 .00 .002.002.001.00
.002.003.00
140 .002.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
3.00 .001.00 .00 .00 .00 .00 .00 .00 .00 .001.00
.002.003.00
141 .001.00 .00 .003.00 .00 .001.00 .00 .00 .00 .00
3.00 .001.00 .00 .00 .001.00 .00 .002.002.001.00
.002.002.00
142 .002.00 .00 .002.00 .00 .003.00 .00 .00 .00 .00
1.00 .003.00 .00 .00 .002.00 .00 .002.001.001.00
.001.002.00
143 .004.00 .00 .001.00 .00 .00 .002.00 .00 .00 .00 2.00 .004.002.00 .00 .001.00 .00 .00 .002.00 .00
.00 .002.00
144 2.003.00 .00 .001.00 .00 .001.002.00 .00 .003.00
3.002.00 .00 .00 .00 .001.00 .00 .00 .002.00 .00
.001.003.00
145 .004.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00
3.00 .00 .00 .00 .00 .001.00 .00 .00 .002.00 .00
.003.002.00
146 .003.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00
4.00 .003.00 .00 .00 .001.00 .00 .00 .00 .001.00
.001.002.00
147 .005.00 .00 .001.00 .001.00 .00 .00 .00 .00 .00
3.00 .003.00 .001.00 .001.00 .00 .00 .002.00 .00
.001.004.00
148 .004.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00
3.002.003.00 .001.00 .001.00 .00 .00 .002.00 .00
.001.003.00
149 .005.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
2.00 .004.00 .00 .00 .001.00 .00 .00 .002.00 .00
.00 .003.00
150 .004.00 .00 .002.00 .00 .00 .00 .001.00 .00 .00
2.00 .002.00 .00 .00 .001.00 .00 .00 .001.00 .00
.001.003.00
151 .005.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00 2.00 .002.00 .002.00 .001.00 .00 .00 .00 .00 .00
.001.004.00
152 .004.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
3.00 .00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00.00 .003.00
153 .003.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00 3.00 .00 .00 .002.00 .001.00 .00 .00 .00 .00 .00
.001.004.00
154 .003.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.00 .003.00 .002.00 .001.00 .00 .00 .002.00 .00
.001.00 .00
155 .002.00 .00 .002.00 .00 .00 .00 .00 .00 .003.00
.002.00 .00 .00 .00 .002.00 .00 .003.00 .00 .00
.002.004.00
156 .002.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .001.00 .001.00 .00 .002.00 .00 .00
.002.004.00
157 1.002.00 .00 .002.001.00 .00 .00 .00 .00 .00 .00 1.00 .00 .00 .002.00 .00 .00 .00 .001.00 .00 .00
.002.004.00
158 .002.00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00 2.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.002.003.00
159 .002.00 .00 .003.003.00 .00 .00 .00 .00 .00 .00 4.00 .00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00
.002.003.00
160 .003.003.00 .002.001.00 .002.001.00 .00 .00 .00 3.00 .002.00 .001.00 .001.00 .00 .001.00 .00 .00
.001.003.00
161 .003.002.00 .003.003.00 .00 .00 .00 .00 .00 .00
.002.00 .002.00 .00 .00 .00 .00 .00 .00 .00 .00
.001.003.00
162 .001.00 .00 .001.003.00 .004.00 .00 .00 .00 .00
.00 .00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.002.004.00
163 .004.005.00 .002.00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .002.002.00 .00 .00 .00 .00 .00 .00 .00
.002.003.00
164 .002.00 .00 .002.00 .00 .001.00 .00 .00 .00 .00
.00 .00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.006.004.00
165 .002.00 .00 .00 .00 .00 .00 .00 .00 .00 .001.00
.00 .00 .00 .002.00 .001.001.00 .00 .00 .00 .00
.007.004.00
166 .003.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
2.00 .00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00.004.004.00
167 .002.00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00
.00 .00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.003.004.00
168 .002.00 .00 .003.00 .00 .003.00 .00 .00 .00 .00
2.00 .00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00
.006.004.00
169 .003.00 .00 .002.00 .00 .003.00 .00 .00 .00 .00
.00 .00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00
.005.005.00
170 .002.00 .00 .003.00 .00 .004.00 .00 .00 .00 .00
.00 .00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00
.005.003.00
171 .003.00 .00 .002.00 .00 .001.00 .00 .00 .00 .00
2.002.00 .00 .002.00 .001.00 .00 .00 .00 .00 .00
.001.004.00
172 .003.00 .00 .003.00 .00 .003.00 .00 .00 .00 .00
.00 .00 .00 .002.00 .002.00 .00 .00 .00 .00 .00
.002.005.00
173 2.004.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.002.004.00 .00 .00 .00 .00 .00 .00 .00 .00 .00
.001.004.00
174 1.004.002.00 .001.00 .00 .003.001.00 .00 .00 .00
.00 .003.00 .001.00 .002.00 .00 .00 .00 .00 .00
.001.003.00
175 .003.00 .00 .002.00 .00 .002.00 .00 .00 .00 .00
.00 .004.00 .001.00 .001.00 .00 .00 .00 .00 .00
.00 .003.00
176 .003.00 .00 .002.00 .00 .002.001.00 .00 .00 .00
.00 .00 .00 .00 .00 .002.00 .00 .00 .00 .00 .00
.002.003.00
177 .002.00 .00 .002.001.00 .004.00 .00 .00 .00 .00
.00 .00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
.001.003.00
178 2.003.00 .00 .002.00 .00 .005.00 .00 .00 .00 .00
.00 .00 .00 .002.00 .00 .00 .004.00 .00 .00 .00
.001.003.00
179 .001.00 .00 .002.00 .00 .00 .001.00 .00 .00 .00
1.00 .002.00 .00 .00 .00 .00 .00 .003.00 .00 .00
.003.003.00
180 .002.00 .00 .001.00 .00 .001.002.00 .00 .00 .00
2.00 .004.00 .00 .00 .001.00 .00 .00 .002.001.00.002.002.00
181 .002.00 .00 .002.00 .00 .00 .002.00 .00 .00 .00
2.00 .002.001.002.00 .002.00 .00 .005.002.00 .00
.002.001.00
182 .003.00 .00 .001.00 .00 .00 .003.00 .00 .00 .00
2.00 .003.00 .00 .00 .002.00 .00 .004.003.00 .00
.001.002.00
183 2.001.00 .00 .002.00 .00 .00 .002.00 .00 .00 .00
2.00 .003.00 .001.00 .003.00 .00 .00 .002.001.00
.002.002.00
184 .003.00 .00 .001.00 .00 .00 .002.00 .00 .00 .00
3.002.002.00 .001.00 .001.00 .00 .00 .002.001.00
.002.002.00
185 .005.00 .00 .002.00 .00 .00 .00 .00 .00 .00 .00
2.003.005.00 .002.00 .00 .00 .00 .00 .001.00 .00
.001.002.00
186 .002.00 .00 .003.00 .00 .002.00 .00 .00 .00 .00
3.00 .002.002.001.00 .002.00 .00 .00 .002.001.00
.003.003.00
187 .004.00 .00 .003.00 .00 .00 .00 .00 .00 .00 .00
3.00 .003.002.00 .00 .001.00 .00 .00 .003.001.00
.002.002.00
188 .004.00 .00 .001.00 .00 .00 .003.00 .00 .00 .00
2.00 .003.00 .002.00 .001.00 .00 .00 .002.00 .00
.00 .002.00
189 2.004.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00
2.001.003.00 .00 .00 .002.00 .00 .00 .003.00 .00
.001.003.00
190 .005.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
2.00 .002.00 .001.00 .00 .00 .00 .00 .002.00 .00
.00 .002.00
191 .004.00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
1.002.004.00 .00 .00 .001.00 .00 .00 .003.00 .00
.00 .003.00
192 .005.00 .00 .001.00 .001.00 .00 .00 .00 .00 .00
1.002.002.00 .003.00 .001.00 .00 .00 .001.00 .00
.00 .003.00
193 .005.00 .00 .001.00 .00 .00 .00 .00 .00 .00 .00
2.00 .002.00 .002.00 .001.00 .00 .00 .00 .00 .00
.001.004.00
01 Amelanchier alnifolia02 Calamagrostic rubescens
03 Ceanothus velutina
04 Clematis columbiana
05 Dactylis glomerata
06 Festuca idahoensis
07 Larix occidentalis
08 Physocarpus malvaceus
09 Pinus contorta
10 Pinus ponderosa
11 Ribes viscosissimum
12 Rosa sp.
13 Spiraea betulifolia
14 Symphoricarpos albus
15 Vaccinium globulare
16 Salix scouler
17 Carex geyeri
18 Poa sp.
19 Pseudotsuga menziesii
20 Agropyron spicatum
21 Acer glabrum
22 Rubus parviflora
23 Alnus sp.
24 Sorbus scopulina
25 Populus tremuloides
26 Bromus inermis
27 Forbs